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ABSTRACT
This study examines factors that prepare elementary teachers to teach 
science. The need for this study arose from a concern about the lack o f science 
literacy in American students. An important factor in student science literacy is the 
science literacy and preparation of elementary teachers. Many components 
comprise what creates an effective teacher. In the area o f science, elementary 
teachers must be knowledgeable about content, general pedagogy, science 
pedagogy, and students. These factors make up a teacher’s “pedagogical content 
knowledge” (PCK). This study investigates how preparation shapes teachers’ PCK.
Focus groups and document analysis were conducted in this study. These 
qualitative research methods were chosen because each contributed to determining 
what teachers perceived helped prepare them to teach science both in their 
preparation programs and outside o f their programs.
This study suggested high teacher self-confidence in science results in more 
science being taught. This generates student interest and literacy in the field. Self- 
confidence is linked with the construct of PCK. The PCK model suggests teachers 
with increased science PCK are more effective in the classroom. In order to 
enhance a teacher’s PCK, preparation programs must be reformed. Furthermore, 
this study discusses ways preparation programs and districts can help increase 
teachers’ science PCK.
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PREFACE
I am a science educator. As such, I have a great appreciation for learning 
science. I enjoy challenging myself to practice my craft by integrating new 
strategies and knowledge into my teaching. I have taught physical science and 
biology at the high-school level for nine years. Motivating students to learn and 
enjoy science is a constant endeavor. Unfortunately, I have seen so many students 
turn away from science. They are afraid o f this discipline and cannot grasp the idea 
that it is evolving; what we know to be scientific fact today may be eradicated when 
different evidence is discovered. The question of when and why students dislike 
science has always bothered me. Probing students and their parents about science, I 
have heard time and again that student uninterest with science started during late 
elementary school or middle school. Some feel anxious about the subject while 
others blame their previous teaches who were not prepared to teach as to why they 
dislike science.
One summer I worked in a camp as a science specialist. I taught children 
from kindergarten to eighth grade about science. Children rotated specials and saw 
me two days a week. Although I had been teaching freshmen in high school for 
many years, I was at a loss on how to teach young children while still making it fun. 
After spending much time in the library and on the Internet, I came up with 
enjoyable activities and strategies that enriched my instruction. It was a challenge 
to differentiate instruction for so many different age groups but rewarding when I 
saw the impact it had on these children. Even eighth graders enjoyed what we did.
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Following this experience, I was convinced children like doing science. When 
students felt apprehensive or bored with the subject I believe it is the work 
associated with science not the science itself. I also think students (even mine) like 
learning and can find interest in science topics.
While taking classes for my doctorate, I enrolled in an elementary science 
teaching class. This class had three high school teachers, one middle school teacher, 
and a handful o f elementary teachers. I was amazed every week sitting in class 
listening to the lack o f interest and fear teachers had about science. A few enjoyed 
teaching science (the high school and middle school teachers and one elementary 
school teacher) but the majority hated it. I asked my fellow classmates about this 
phenomenon. Teachers described feeling anxious and ill-prepared to teach the 
subject but most did nothing to remedy this. I could not fathom why science was 
not fun for them and their students. It was evident that the few teachers who 
enjoyed teaching science used novel ideas and strategies in their instruction. The 
ones who did not enjoy science, however, used only what their districts provided. 
Most were in districts with predesigned textbook kits. Teachers seemed to like the 
kits but did little if  anything to further their knowledge or experience outside of 
what the kit supplied. It was also in this class that I was introduced to the idea of 
“pedagogical content knowledge” (PCK). PCK seemed like an appropriate model to 
show the components o f what makes a teacher a teacher.
In my own teacher preparation I was given few pedagogical skills. Most of 
my preparation consisted of content and general educational strategies. I learned to
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
be a science teacher on the job. I taught myself content (depth at which students 
needed to know) and strategies to facilitate learning. During my doctorate work, 
however, I was introduced to educational theory and components that were 
previously lacking in my preparation. One event that permeated most o f my classes 
was Sputnik. I was enamored by Sputnik and the implications it had on science 
education, as well as general education. I was determined to write about Sputnik in 
my dissertation.
The district I work in is a unit district (K-12 education). When making a 
decision about methodology, I decided to use my district to find out more about 
elementary teachers’ dislike for science. The decision to do this came from the 
knowledge that my district utilized district-developed kits for science instruction. I 
was interested to see how these kits measured up to textbook company kits. 
Although I work in this district and knew of a few participants in the focus groups, 
overall the teachers and schools used in this study were unfamiliar to me. 
Additionally, I was not familiar with specific details associated with district kits or 
curriculum prior to gathering data.
This study is a result o f the passion I feel for teaching science as well as the 
need I have to get students and elementary teachers to appreciate learning science. 
PCK is used as the construct to how and why elementary teachers are prepared to 
teach science. Sputnik and the historical realm of science reform was analyzed in 
hopes of determining trends in science education as well as contributing to the 
literature by making recommendations concerning teacher preparation.
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CHAPTER 1
HOW POLICY AND PRACTICE INFLUENCE SCIENCE TEACHING: 
INTRODUCTION TO THE STUDY
Background and Rationale
Education has no higher purpose than preparing people to lead personally 
fulfilling and responsible lives. For its part, science education—meaning 
education in science, mathematics, and technology— should help students to 
develop the understandings and habits of mind they need to become 
compassionate human beings, able to think for themselves, and to face life 
head on. It should equip them also to participate thoughtfully with fellow 
citizens in building and protecting a society that is open, decent, and vital. 
America's future— its ability to create a truly just society, to sustain its 
economic vitality, and to remain secure in a world tom by hostilities—  
depends more than ever on the character and quality o f the education that the 
nation provides for all of its children. (Rutherford & Ahlgren, 1990, p.xiii)
Science pervades daily life through the increasing reliance on modem
devices, medical advances, and everyday conveniences. Science integrates
knowledge, experimentation, and skills to solve problems. According to a 2003
survey concerning homeland security conducted by the Bayer Corporation,
“Americans overwhelmingly recognize the critical role science and technology play
in U.S. national security now and in the future” (Bayer Corporation, 2003, Call on
Industry to Help Improve Education section, 1). Students, however, are not
adequately prepared to employ science skills in order to solve personal and societal
dilemmas (Bayer, 2003).
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2A key to student preparation is the ability o f students to be science literate.
Many definitions exist for what makes one scientifically literate. For the purpose of
this study, scientific literacy is defined as the ability to solve everyday problems
(National Academy o f Sciences, 1996) and understand the major concepts in science
while recognizing the evidence and process that led to the formation of scientific
theories (National Science Teachers Association, 2003b). This definition is used
because the description best aligns with state and national standards in elementary
science education and it incorporates literature-based definitions from organizations
(e.g., National Science Teachers Association [NSTA], National Science Foundation
[NSF]) that are integral in the quest for improved science education.
Findings from a survey conducted by the Bayer Corporation (2003) report
that 91% of Americans recognize the significance for all citizens to be science
literate. It is “in elementary school that students, if  taught science in a hands-on
inquiry-based manner, begin to develop important lifelong science literacy skills,
such as problem solving, critical thinking and team working” (NSTA, 2004, ^  21).
Science literacy begins in elementary school and if  encouraged can lead to a
scientifically literate nation. The Bayer Survey (2003) reports that elementary
teachers are not prepared to teach science. It states,
Some Americans lack confidence in elementary school teachers' ability to 
teach science as compared to other basic subjects like math, reading and 
writing. Specifically, more than one-quarter (28%) say today's elementary 
school teachers are not qualified to teach science; one half (53%) say they 
are somewhat qualified; but, less than one in 10 (9%) say they are very 
qualified. In an earlier Bayer Facts survey, elementary school teachers 
themselves said science is the subject they feel least qualified to teach.
(Bayer Corporation, 2003, ][ 3)
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3Science, however, is not stressed as a fundamental subject in elementary 
school. According to Duschl (as cited in Tilgner, 1990), a researcher and expert in 
the field of scientific inquiry and science teaching, “Science instruction at the 
elementary level, if  occurring at all, is low in quality and too infrequent to be 
effective” (p. 421). Science instruction and scientific literacy are problematic in this 
country due to a lack o f quality teacher preparation and professional development 
(Bentley, 1995; Hatch, 2000; Ishler, Edens, & Berry, 1996; Kubota, 1997; Sanders, 
2004; Zinicola & Devlin-Scherer, 2003). The lack o f science taught in elementary 
school and inadequate teacher preparation are the motivating factors for this study.
This chapter provides an overview o f how this study is organized. Included 
in this chapter is a synopsis on science education reform efforts, an overview of 
elementary preservice education, the conceptual framework, the problem statement, 
the purpose and need for the study, research questions, the assumptions made in the 
study, significance of the study, and a summary of the methodology. The following 
section provides an overview of five important events, policies, and initiatives that 
facilitated educational reform in science.
Events, Policies, and Initiatives That Spearheaded Science Educational Reform
Concern for the preparation and professional development o f teachers of 
science in the United States is not a new phenomenon for our nation. 
However, the reasons for concern have changed markedly from national 
defense issues to societal welfare and economic issues. (Kubota, 1997, 
p.129)
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Science education reform in this country has seen a variety of policy 
initiatives brought about by major historical events and documents. This section 
highlights the critical reform efforts beginning in the late 1950s with the successful 
launching o f the first satellite, Sputnik, through the most recent science reform, a 
product o f the reauthorization o f the 1965 Elementary and Secondary Education Act 
in the form of No Child Left Behind (NCLB).
The U.S. Falls Behind with the Launch of Sputnik
In 1957, the Soviet Union launched the world’s first satellite, Sputnik. 
Americans regarded Sputnik as a lack o f U.S. superiority, thus inciting a public 
outcry for science educational reform (Bybee, 1997). Educational reform that 
occurred following Sputnik included the formation o f the National Science 
Foundation (NSF), creation o f National Aeronautics and Space Administration 
(NASA), enactment o f educational legislation that included the National Defense 
Education Act (NDEA), Elementary and Secondary Education Act (ESEA), the 
Higher Education Act (HEA), and an alphabet soup of science programs.
Creation of NSF and NASA aimed at enhancing U.S. science and 
technology. NDEA signified the first comprehensive federal reform legislation that 
provided money for college loans and K-12 instructional improvement (Mazuzan, 
1994; U.S. Department o f Education, n.d.). The next reform legislation was the 
enactment o f the ESEA and HEA of 1965. ESEA provided federal funding for K- 
12 education while HEA made available money for students in higher education
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5(Schwartz, 2004; U.S. Department of Education, 1965). As a result of NDEA, 
ESEA, and HEA, the United States embarked on the first wave o f science education 
reform. This reform movement consisted of the development o f new science 
curriculum programs focusing on hands-on and discovery learning (called alphabet 
soup programs for their use of acronym titles).
This first reform wave was unsuccessful due to lack o f sustained government 
funding and deficiencies within the program designs (Dow, 1997). Bentley (1995) 
described the inadequacies o f the alphabet soup programs by stating they did not 
draw students to science, their content focused too much on pure science and little 
application, some programs were not teacher-friendly, there was no discourse or 
continuity between different levels (i.e., elementary to middle to high school), there 
was insufficient professional development/teacher training, and there was little 
consideration towards assessment or differentiation. “The first wave reform 
programs also tried to be ‘teacher proof.’ The designers tried to create materials 
that would be instructive regardless o f the competence o f the teacher” (Klopfer & 
Champagne, 1990, p. 21). The tendency to make curricula “teacher p roof’ prevents 
teachers from learning new knowledge and skills, thus causing a deskilling of 
teachers. Deskilling leads to teachers teaching the curriculum provided with little to 
no deviation. It is evident by the programs from the 1960s that being “teacher 
p roof’ does not facilitate learning. Teaching must include more than appropriate 
materials and a script. The teacher and the ways the teacher understands the 
students and passes on the knowledge is the key to quality learning, not just
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
6adequate curriculum. The failure o f science reform in the 1960s-1970s led to a 
national report in 1983 calling for educational reform. The next section details the 
science reform effort launched as a result of the release of A Nation at Risk.
A Nation at Risk Declares the Educational System Is Failing
If an unfriendly foreign power had attempted to impose on America the 
mediocre educational performance that exists today, we might well have 
viewed it as an act of war. As it stands, we have allowed this to happen to 
ourselves. We have even squandered the gains in student achievement made 
in the wake of the Sputnik challenge. Moreover, we have dismantled 
essential support systems which helped make those gains possible. We 
have, in effect, been committing an act o f unthinking, unilateral educational 
disarmament. (National Commission, 1983, ^ 1-2)
In 1983 the National Commission on Excellence in Education released a
report entitled A Nation at Risk. A Nation at Risk outlined how the U.S. educational
system was not adequately preparing students for college and the workplace.
Science was one area noted that needed significant attention. According to Hurd,
the creator o f the term “scientific literacy,” (as cited in National Commission,
1983), “We are raising a new generation o f Americans that is scientifically and
technologically illiterate” (Indicators o f the Risk section, 3). Despite the science
reform movement that began as a result o f Sputnik, no educational transformation
endured (Bentley, 1995; Hatch, 2002). A Nation at Risk once again brought
education to the forefront o f American consciousness.
Prior to A Nation at Risk, the National Science Teachers Association
(NSTA) released a report entitled Preservice Preparation o f Teachers o f  Science at
Elementary, Middle, and Junior High School Levels. This report called for reform
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7in preservice elementary education by increasing graduation requirements in science 
content and methodology courses (Mechling, Stedman, & Donnellan, 1982). This 
report, added with public outrage from A Nation at Risk, brought about science 
curriculum reform in the shape of new “alphabet soup” programs. Educators and 
scientists transformed the old 1960s programs to create new and improved curricula.
Following the release of A Nation at Risk, a myriad o f reports were written 
regarding the poor condition of American education (Bybee, 1995; Dow, 1997). The 
Holmes Group and the Carnegie Forum on Education and the Economy published 
reports calling for longer, more intensive teacher preparation programs (Carnegie 
Forum on Education and the Economy, 1986; The Holmes Group, 1986, 1990, 
1995). The American Association for the Advancement of Science (AAAS) 
released two publications, Science fo r  All Americans and Benchmarks fo r  Science 
Literacy. These documents provided a framework for science educational reform 
that began with the Goals 2000 legislation (AAAS, 2004a). Goals 2000 is further 
discussed in the next section.
The Nation Responds with Goals 2000
Goals 2000: Educate America Act was enacted in 1994. Goals 2000 was 
based on five guiding principles:
1. All students can learn
2. Lasting improvements depend on school-based leadership
3. Simultaneous top-down and bottom-up reform is necessary
4. Strategies must be locally developed, comprehensive and coordinated
5. The whole community must be involved in developing strategies for 
system-wide improvement. (U.S. Department of Education, 1998, p. 3)
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8Goals 2000 was followed by the Improving America’s Schools Act (IASA). IASA 
was a reauthorization of ESEA. Goals 2000 and IASA mandated content and 
performance standards for K-12 education. As a result of A Nation at Risk, Goals 
2000, and IASA, national organizations developed standards to guide learning at 
various levels along the spectrum of education (K-16 and professional 
development/teaching standards).
One of the standards-based documents to emerge after Goals 2000 and IASA 
was the National Science Education Standards (NSES'). These standards “outline 
what students need to know, understand, and be able to do to be scientifically 
literate at different grade levels” (National Academy o f Sciences, 2004, p.2). NSES 
provided guidelines for “teacher preparation and staff development, instructional 
materials, assessment, support for instruction, and policies related to science 
education” (Hatch, 2002, p.7).
The standards movement also affected reform on state and local levels. 
Illinois, for example, adopted the Illinois Learning Standards in 1997 as a way to 
measure what students should know and be able to do in seven areas of education 
(English language arts, mathematics, science, social science, physical development 
and health, fine arts, and foreign languages). Within the science learning standards, 
three main goals were elucidated. These include:
• State Goal 11: Understand the processes o f scientific inquiry and 
technological design to investigate questions, conduct experiments, and 
solve problems.
• State Goal 12: Understand the fundamental concepts, principles, and 
interconnections o f the life, physical, and earth/space sciences.
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9• State Goal 13: Understand the relationships among science, technology 
and society in historical and contemporary contexts. (Illinois State Board 
o f Education, n.d., Illinois Learning Standards, Science Section)
Standards were a crucial part o f the reform movement following Goals 2000 and
IASA and continue to be important for change today. The most recent reform
began as a result o f NCLB legislation. This reform is further discussed in the
next section.
Policy Insists No Child Be Left Behind
In 2002, Congress reauthorized the Elementary and Secondary Education 
Act o f 1965 under the title of No Child Left Behind (NCLB). NCLB mandated 
educational reform in order to achieve the goals of A Nation at Risk. This policy 
ensures American children can compete with other nations in the global economy by 
operating within four main goals: “stronger accountability for results, more freedom 
for states and communities, encouraging proven education methods, and more 
choice for parents” (U.S. Department o f Education, n.d., Legislation, H 1).
NCLB seeks to reform education by tracking schools’ performance and 
ensuring they make Adequately Yearly Progress (AYP) on national and state 
assessments. In Illinois, annual testing occurs in math and reading in grades 3, 5, 
and 8 through the Illinois Standards Achievement Test (IS AT) and in grade 11 using 
the Prairie State Achievement Examination (PSAE). The criteria for meeting AYP 
in Illinois include achieving 95% participation rate in state assessment for students, 
47.5% o f students meeting or exceeding standards in reading and math (for 2005-
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2006 school year), and 89% of students meeting attendance (for 2005 for 
elementary and middle schools) or 69% graduation rate for high school students 
(ISBE, 2005). Consequences for not meeting AYP after two consecutive years 
include decrease in federal funding, school restructuring, and partial school choice.
Major programs authorized under NCLB include promoting reading first; 
language instruction for limited-English students; providing safe, drug-free schools; 
increased accountability; more parental choice; and improving how teachers and 
principals are prepared, trained, and recruited. NCLB mandates that “all teachers 
must be highly qualified by the end o f the 2005-2006 school year” (U.S Department 
o f Education, 2005, f  1). Highly qualified is seen as holding a bachelor’s degree, 
having a certificate or license to teach in the state, and demonstrating knowledge of 
subject matter taught.
In 2003 the Mathematics and Science Initiative was launched as part of 
NCLB legislation. This program was begun in order to
•  Engage the public in recognizing the need for better mathematics and 
science education for all children.
•  Initiate a campaign to recruit, prepare, train, and retain teachers with 
strong backgrounds in mathematics and science.
•  Develop a research base to improve our knowledge o f what boosts 
student learning in mathematics and science. (U.S. Department of 
Education, 2005, ^2)
Additionally, in June o f 2004 a Science Assessment Meeting, hosted by the 
U. S. Department of Education and the Council o f Chief State School Officers 
(CCSSO), was held to discuss the upcoming 2007-2008 mandated NCLB testing in 
science. Attendees included state assessment directors, testing companies, cognitive
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researchers, and scientists and engineers. Recommendations for successfully 
incorporating the NCLB-mandated science testing into schools include developing 
science assessment kits for states to provide useful information on best practice, 
supporting professional development programs aimed at enhancing assessment 
techniques, and supporting collaboration among researchers, testing experts, and 
content specialists (CCSSO, 2005).
The importance o f scientific literacy was discussed at this meeting. The four 
types o f scientific knowledge that should be addressed within state assessments are 
content (physical, living, and earth systems), process (inquiry and nature and role of 
science), contemporary issues (science in context and the ability to apply science to 
their lives), and cognitive abilities (engaging in science quests, formulating 
explanations, and posing questions) (U.S. Department of Education, n.d.).
NCLB legislation stresses the importance of accountability to meet specific 
criteria so that all children learn. For science, NCLB mandates testing beginning 
with the 2007-2008 school year. This requires states to adopt or change current 
assessments in order to address all the components of NCLB. Additionally, the 
2007 reauthorization of NCLB mandates science scores be part o f AYP starting in 
2008. The next section discusses the most recent educational initiative: science, 
technology, engineering, and mathematics programs.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
12
The Nation at a Crossroads
We are at a crossroads in our nation as we enter a century that we know will 
be dominated by science, engineering, technology and education. A 
convergence of science, technology and engineering is taking place. And 
this convergence is about to change the world. (Jischke, 2006, f  4)
A new concern has emerged for national and local policy makers, business
leaders, and educators. As the world changes, organizations and people wonder, can
America compete? Mediocre tests scores and lack of student interest in areas of
science, technology, engineering, and mathematics (STEM) have prompted
discussions and recommendations for educational reform (Business Roundtable,
2005; The White House, 2006). In the 2006 State o f the Union Address, President
Bush addressed this issue through the addition of the American Competitiveness
Initiative (ACI). The government was committed to STEM education in the form of
grants and projects. ACI serves as part o f the 2007 NCLB reauthorization.
To prepare our citizens to compete more effectively in the global 
marketplace, the American Competitiveness Initiative proposes $380 million 
in new Federal support to improve the quality o f math, science, and 
technological education in our K-12 schools and engage every child in 
rigorous courses that teach important analytical, technical, and problem­
solving skills. (The White House, 2006, 4)
Business leaders, organizations, and education institutions develop
objectives to enhance STEM instruction and educate Americans on the importance
of this initiative. Vital to this initiative is the concerted effort from all levels of
education (prekindergarten through college or graduate school) as well as
community, business, and policy leaders. In order to compete in a changing global
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environment, STEM initiatives are necessary. As part o f ACI and NCLB and 
separate from it, STEM education is the new trend in educational reform. The next 
section provides a brief summary o f the science reform efforts within the last fifty 
years.
Synthesis of Events. Policies, and Initiatives in Science Reform Efforts
Science reform has occurred as a result of events (e.g., Sputnik), reports 
(e.g., Nation at Risk), and legislation (e.g., Goals 2000 and NCLB) in the last 50 
years. The reform efforts have led to increased federal and state funding, new 
legislation, and the release o f many reports and documents describing education and 
ways to meet the criteria mandated by the reform movement.
Sputnik resulted in the creation o f national organizations like NSF and 
NASA that were assigned the task of advancing the U.S. in science and technology. 
NDEA also came from the aftermath of Sputnik. This legislation provided federal 
money for instructional improvement and for college student loans. ESEA and 
HEA were two legislative pieces enacted in 1965 in order to improve K-16 
education. Increased legislation also made it possible for improved science 
programs that focused on increasing student and teacher science knowledge. This 
reform movement lasted for more than a decade. The money and drive to change 
education, particularly science, however, was replaced by other economic and 
cultural movements, and educational reform ended.
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In 1983 educational reform became critical for Americans after the release 
o f A Nation at Risk that advertised the inferiority o f U.S. schools. This report 
catapulted additional studies and reports, such as the Holmes Group Reports and the 
Carnegie Forum, aimed to determining what was wrong with the American 
educational system and how it could be changed to promote growth. 
Recommendations for educational reform from these organizations included 
changes in instruction and teacher preparation.
Goals 2000 and IASA became the first legislative pieces mandating content 
and performance standards in education. National, state, and local standards were 
developed to meet the mandates o f Goals 2000 and IASA. Science standards were 
constructed to provide educators and schools with specific skills and knowledge 
students should be able to do and know in each grade level.
The next major event promoting reform was the enactment of NCLB. Also 
using standards as a guide for assessing students, NCLB focused on increased 
accountability for districts with students who do not meet expectations. Math and 
reading are assessed yearly to ascertain students are meeting AYP. Science will be 
assessed beginning in 2007-2008 (although this is still limited to only once in grades 
3-5, 5-8, and 9-12).
The most current educational reform movement is the STEM initiative.
Areas o f STEM are critical for Americans to compete in a technological era. 
Government policy and programs designed by business leaders and educators have 
stressed the magnitude o f not preparing students in STEM areas. The lack of
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preparation leads to the loss o f economic expansion and national security. In order 
to uphold America’s place in this world, we must properly educate our students and 
society about STEM.
Despite the call for reform over the last 50 years, little has been done to 
promote long-term change in education. Teacher preparation is one o f the keys to 
reforming education and increasing student achievement and literacy, but 
tremendous problems still exist in this area (Bayer, 2004; Bentley, 1995; Hatch, 
2002; Ishler, Edens, & Berry, 1996; Kubota, 1997). The issue of teacher 
preparation or preservice education is further discussed in the next section.
Teachers Lack Quality Preparation
One factor involved in the lack of quality science instruction and low student 
science literacy is teacher preparation (Bayer, 2004; Bentley, 1995; Hatch, 2002; 
Ishler, Edens, & Berry, 1996; Kubota, 1997). Little has changed in teacher 
preparation as a result o f the reform movements discussed in the previous sections. 
This is evident by the release o f a national survey conducted by the Bayer 
Corporation. This report clearly shows the lack o f science preparation and feelings 
of inadequacies by elementary teachers and deans of colleges (concerning new 
teachers) (Bayer Corporation, 2004). Over the last two decades, research indicates 
that elementary teachers feel unprepared to teach science in elementary school 
(Bencze & Hodson, 1999; Ginns & Watters, 1995; Lumpe, Haney, & Czeniak,
2000; Nietfeld & Cao, 2003; Palmer, 2001; Schoon & Boone, 1998; Young &
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Kellogg, 1993). Due to feeling ill-equipped to teach science, “many [elementary 
teachers] remain unconvinced of the value of teaching and learning science at this 
level” (Bencze & Hodson, 1999, p. 524 ) and as a result tend to spend little time if 
any on science in their curriculum (Bencze & Hodson, 1999; Schoon & Boone, 
1998; Tilgner, 1990; Weiss, 1994).
The Bayer Corporation (2004) report findings mirror those o f the NSTA 
report released in the early 1980s: elementary teachers are not prepared to teach 
science. Preservice education incorporates the preparation individuals receive to 
become teachers. For the purpose o f this study, a preservice teacher is defined as an 
individual who is in the process o f completing the requirements for beginning 
teacher certification. The key findings relevant to preservice education reported by 
the Bayer Corporation (2004) include:
• 56% of deans report little to no confidence that K-5 students are 
getting a good science education
• English is the subject most emphasized in elementary school, science 
the least
• 53% of teachers believe science should be the fourth R (reading, 
writing, arithmetic)
• 77% of deans believe science should be the fourth R
• Deans are less confident than teachers that [teachers] can answer 
student science questions
• 71% of teachers feel somewhat, little, or not at all science literate
• Deans are more positive than teachers about how their institutions 
provide teacher preparation
• Deans and teachers are less positive in their science preparation than 
any other subject
• Teachers want more emphasis [preservice education] in science than 
any other subject
• Deans and teachers agree that elementary teachers need both method 
and content classes in science
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• 62% of deans state their institutions have increased science in their
elementary education programs in the last 5 years
• 95% of deans and 93% teachers believe inquiry science is most
effective for teaching science (as opposed to relying only on 
textbooks), (pp. 4-7)
An important factor that explains why beginning teachers are unprepared to 
teach science effectively is lack o f science “pedagogical content knowledge” (PCK). 
PCK is an evolving theoretical model that incorporates both content and pedagogy 
necessary for teachers to effectively teach. PCK is further discussed in the 
conceptual framework section. A study conducted by Young and Kellogg (1993) on 
teacher preparation programs concurred with earlier reports that change needs to 
occur at the university level. A paradigm shift is recommended for instructional 
changes in higher education. Despite this study being released in 1993, change has 
still not occurred (Robles, 1998). Beginning elementary teachers still do not feel 
confident to teach science. Nor do they possess the PCK in order to help enhance 
science instruction and science literacy in elementary students (Bayer Corporation, 
2004). “One cannot simply give quality science curriculum materials to a teacher 
and expect quality science instruction” (Lumpe, Haney, & Czemiak, 2000, p. 287). 
Change needs to occur in teacher preparation programs along with on-going 
professional development once the teacher enters the field. The next section 
provides an overview of the conceptual framework including more information on 
PCK.
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Conceptual Framework
Teachers must be knowledgeable about a variety o f general topics to connect 
subject and meaning for students and ensure science literacy. Shulman (1987) 
differentiated two areas o f teacher knowledge: content knowledge and pedagogical 
knowledge. Content knowledge refers to the actual subject matter known by a 
teacher. Pedagogical knowledge includes the actions and strategies o f teaching. 
Pedagogy travels beyond the content by encompassing strategies to increase student 
understanding, teacher and environmental/classroom organization, differentiation, 
and critical thinking skills (Shulman, 1987). The construct o f pedagogical content 
knowledge, or PCK, includes knowledge of subject matter, pedagogy, students, and 
environmental contexts (Cochran, DeRuiter, & King, 1993).
Shulman incorporates PCK into one of seven knowledge fields for teaching. 
They are:
• Content knowledge
• General pedagogical knowledge, with special reference to those broad 
principles and strategies o f classroom management and organization that 
appear to transcend subject matter
• Curriculum knowledge, with particular grasp of the materials and 
programs that serve as “tools o f the trade” for teachers
• Pedagogical content knowledge, the special amalgam o f content and 
pedagogy that is uniquely the province o f teachers, their own special 
form of professional understanding
• Knowledge o f learners and their characteristics
• Knowledge o f educational contexts, ranging from the workings o f the 
group or classroom, the governance and financing o f school districts, to 
the character o f communities and cultures
• Knowledge o f educational ends, purposes, and values, and their 
philosophical and historical grounds. (Shulman, 1987, p. 8)
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Hausfather (n.d.) states, “Teacher education programs can enhance the 
development o f PCK in teacher candidates by modeling and sharing teaching 
decisions and strategies with students, both by education and content-area faculty”
(1116). Elementary teachers have inadequacies in science due to a lack o f PCK 
(Mulholland & Wallace, 2001). Furthermore, Mulholland and Wallace (2001) 
found that a lack of PCK triggers anxiety and avoidance of science instruction.
PCK is also associated with low self-efficacy or belief about one’s ability to 
teach science (Bandura, 1994). Elementary teachers with high self-efficacy tend to 
spend more time on science instruction (Schoon & Boone, 1998). Additionally, 
when teachers have high self-efficacies in teaching science, students achieve at 
higher proficiency levels (Plourde, 2002; Warren, 2002). Research shows self- 
efficacy can be altered by changing a teachers’ experience in college, thus 
increasing science PCK (Ginns & Watters, 1995; Nietfeld & Cao, 2003; Schoon & 
Boone, 1998; Young & Kellogg, 1993). Teacher education must facilitate greater 
subject and pedagogical knowledge simultaneously in order to increase teacher 
effectiveness and literacy in science instruction.
Statement o f Problem
Sputnik triggered the beginning o f reform in teacher preparation in science. 
Since that time, however, reform has been reactive rather than proactive. Reform 
movements arose from significant events in history and were tailored to address the 
specific deficiencies identified by the event. The problem addressed in this study is
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that although teacher preparation was important in these movements, little has been 
done to generate long-lasting reform on how teachers learn to be effective and 
develop their science PCK. With current legislation (NCLB) mandating science 
testing in the 2007-2008 school year, teacher preparation in science becomes 
critical.
Purpose of the Study
The purpose o f this study was to examine the quality o f elementary teachers’ 
science preparation, investigate theoretical structures that guide teacher preparation, 
and contribute to the literature on improving preparation and professional 
development for elementary teachers. This study aims at identifying teachers’ 
science PCK and how it evolved during their preparation programs, exploring how 
confident teachers feel to teach science, and what factors led to this level of 
confidence. Furthermore, the study examines what steps need to be taken to 
increase confidence and ability (PCK) in teaching science.
Research Questions
The study endeavors to answer the following questions:
• What, how, and why have the experiences in teacher preparation 
programs helped elementary teachers feel prepared to teach science?
a) Pedagogical experiences?
b) Content experiences?
c) Convergence o f pedagogy and content (PCK)?
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• What, how, and why have the experiences outside of teacher preparation 
programs helped elementary teachers feel prepared to teach science?
Assumptions
This study attempts to determine what factors affect an elementary teacher’s 
PCK. There are a variety o f assumptions made to accomplish this task. First, it is 
assumed the participants in this study provided accurate and honest remarks about 
their experiences in preparing to teach science. Second, it is assumed teachers have 
little knowledge and understanding o f PCK terminology. Teachers should 
understand the roles content and pedagogy play in teacher preparation; however, 
most have no knowledge of Shulman’s description of PCK. This is important 
because during the focus group process, teachers were asked about their content and 
pedagogy but not specifically about their science PCK. Information concerning 
teachers’ PCK was obtained from analysis o f focus group data. Finally, it is 
assumed that conducting focus groups and completing a document review of district 
kits allows for triangulation of data, thus providing a well-rounded view o f factors 
that prepare elementary teachers to teach science in this district.
Significance o f Study
The stakeholders in this study are beginning teachers, university teacher 
preparation programs, school districts, students, and society. This study seeks to 
allow beginning teachers a chance to reflect on what experiences they had in their
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preparation programs with the expectation that if  deficits are found, beginning 
teachers will seek outside measures (e.g., professional development opportunities) 
to increase self-confidence and PCK. Teachers were asked to examine their science 
PCK and confidence to teach elementary science.
This study attempts to inform universities as to how preparation programs 
might be improved in light o f feedback received from beginning teachers on their 
science PCK and confidence to teach elementary science. Furthermore, this study 
makes recommendations regarding actions that need to occur to remedy the lack of 
teachers’ PCK and confidence in science teaching for changes in content and 
methodology courses.
This study is significant for school districts because it allows the 
construction o f recommendations for providing science professional development 
that best fits the needs o f teachers within the district as a result of the lack of science 
preparation. The recommendations are rooted in teachers’ self-analysis of what is 
needed to enhance their science PCK. In addition, this study aims at comparing 
standards set forth by the state and how they are being carried out by the school 
district.
Next, this study tries to identify ways in which students can achieve more 
success and become science literate through teachers who are better prepared as a 
result o f quality teacher preparation. Teachers who have high science PCK 
inevitably bring their expertise to the classroom, thus enhancing students’ 
knowledge and interest in science. Last, this study aims at educating society on the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
23
importance of being proactive in science reform and teacher preparation in order to 
increase science literacy among all citizens.
Methodology
A qualitative case study was utilized in this study. Two forms o f data 
collection, focus groups and document reviews, were used to gather information 
about the preparation o f beginning teachers. Five focus groups were conducted with 
elementary teachers. Following the focus groups, district curriculum documents 
were reviewed. Additionally, my personal reflections and notes were analyzed in 
order to determine to what extent PCK plays a role in the development o f a teacher. 
The next section provides definitions important to this study.
Glossary
This study uses terms that may be unfamiliar to people outside of elementary 
or secondary education. This section reveals terms important to this study. The 
definitions available represent how each term was manifested in this study.
•  Beginning teacher: A teacher with four fewer years experience in the 
classroom.
•  Veteran teacher: A teacher with more than four years experience in the 
classroom.
•  Scientific literacy: Having the ability to understand and solve everyday 
problems using science knowledge and skills.
•  Pedagogy: Strategies and knowledge needed to be able to teach students.
•  Content: Knowledge o f basic science principles and being scientifically 
literate.
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•  PCK: An evolving construct that seeks to unite content and pedagogy in 
science teaching.
The next section highlights how this study is organized.
Organization o f Study
The study is presented in five chapters. Chapter 1 provides an overview of 
the purpose and introduction to the study. Chapter 2 consists o f the literature review 
for the study. The history of preservice education and reforms and the role o f PCK 
are discussed within the literature review. Chapter 3 provides the methodology used 
in the study. This section includes the rationale for the research design and the 
methodology used to collect data. Findings are presented in Chapter 4 and 
conclusion and recommendations for further studies are presented in Chapter 5.
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THE CASE OF THE MISSING THEORY: REVIEW OF LITERATURE, 
POLICIES, AND INITIATIVES IN TEACHER PREPARATION
As we begin the 21st century, change should be particularly evident in 
science teaching and learning due to the exponential growth of science 
knowledge and science-related technologies and increasing demand for 
graduates who can effectively contribute and use these advances in 
understanding. When viewed along with an apparent decrease in the number 
o f qualified science teachers that will be available to teach a growing 
population o f students, the pressures on science programs and science 
education become apparent. Consequently, the science programs of 
educational systems will need special care and support. (National Science 
Teachers Association, 2003a, Systems section, Tf 4)
America... We Have a Problem
U.S. students are not receiving adequate science education. According to a 
2005 press release by the U.S. Department o f Education, “America’s schools are not 
producing the science excellence required for global economic leadership and 
homeland security in the 21st century” (The Challenge, f  1). Furthermore, the 
government recognizes the critical importance o f understanding science for all 
Americans (U.S. Department o f Education, n.d.). Just as Sputnik sparked the need 
for science reform in the 1950s, the terrorist attacks in the United States on 
September 11, 2001 have reignited the focus on science and technology. The Bayer 
Corporation is known for their research in science and technology. According to the 
president and CEO:
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The events of the last two years clearly have had a profound effect on the 
collective American consciousness. Americans always had a keen 
appreciation for science and technology. The latest events and the 
continuing terror alerts have demonstrated how important science and 
technology are in an aspect of life that is not always top-of-mind. (Molnar as 
cited in Bayer Corporation, 2003, Call on Industry to Help Improve 
Education section, 6).
Despite the magnitude o f science in today’s evolving world, students are not given
the tools to prepare them for the future (Bayer Corporation, 2003; U.S. Department
o f Education, n.d.). According to Watters and Ginns (1997), “We are facing a
‘crisis’ significantly more urgent than that perceived in the 1950s which gave such
impetus to curriculum development in science” (p. 3). Robles (1998) states:
The current ‘crisis’ reflects the fact that social goals have shifted from a 
stress on equity and the solution of societal problems through education, 
which characterized the 1960s, to a focus on academic and technological 
achievement that will enable the nation to compete in an increasingly 
difficult world market, (pp. 30-31)
Society is changing and with that change comes new challenges associated with an
increasing population, dwindling natural resources, new economic and social
concerns, and improved technology (Bayer Corporation, 2003; Robles, 1998;
Watters & Ginns, 1997). In order to empower students with skills and knowledge to
face the scientific and technological changes in society, a transformation must occur
in science education for teachers and students.
This chapter is divided into five sections: science literacy, science education
reform movements, elementary teacher preparation literature, self-efficacy, and
PCK. The first section defines and describes the importance o f science literacy. The
science reform movement piece is further separated into four important events
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which include Sputnik, A Nation at Risk, Goals 2000: Educate America Act, and 
NCLB. These events spearheaded educational reform in America through increased 
funding, legislation, projects, and reports that outlined the need for change which is 
described in the aforementioned sections. The teacher preparation literature 
describes reform in elementary teacher education through the creation o f teacher 
organizations and accreditation bodies and reform in teacher preparation. This is 
followed by a discussion o f PCK. PCK serves as the framework in which this study 
was conducted. PCK incorporates teachers knowing both what to teach and how to 
teach. Incorporated into this section is a discussion o f the importance o f self- 
efficacy or confidence in one’s ability to teach. The end of this chapter provides a 
summary o f the literature and offers a rationale for the need to examine how and 
why teachers’ PCK develops through preparation programs.
Building an Understanding of Science
At a time when we increasingly rely on science and technology to improve 
our quality o f life and make us healthier, safer, and more prosperous, it’s 
clear that everyone benefits from being scientifically literate -  not just the 
scientists and engineers who discover the new medicines and invent the 
technologies. Everyone needs the critical-thinking and problem-solving 
skills that help us navigate through our complex world o f scientific 
breakthroughs, advances, issues, and ideas. (Bayer Corporation, 2005, 
Introduction section, 1 4)
Many definitions exist for what makes one scientifically literate. For the 
purpose of this study, science literacy is defined as having the ability to understand 
and solve everyday problems using science knowledge and skills. This definition 
was chosen because it best aligns with state and national standards in elementary
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science education and incorporates literature-based definitions from organizations 
(e.g., National Science Teachers Association and National Academy o f Sciences) 
found to be integral in the quest for improved science education.
The Bayer Corporation (2003) survey found 91% of Americans recognize 
the significance for all citizens to be science literate. It is “in elementary school that 
students, if  taught science in a hands-on inquiry-based manner, begin to develop 
important lifelong science literacy skills, such as problem solving, critical thinking 
and team working” (NSTA, 2004,f 21J. Science literacy begins in elementary 
school and if  encouraged can lead to a scientifically literate nation. Science, 
however, is not stressed as a fundamental subject in elementary school (Bayer 
Corporation, 2004). According to Duschl (as cited in Tilgner, 1990), an expert in 
the field o f scientific inquiry and science teaching, “science instruction at the 
elementary level, if  occurring at all, is low in quality and too infrequent to be 
effective” (p. 421). Watters and Ginns (1997) also articulate that science instruction 
does not occur often in elementary school. According to these authors, this not only 
causes students to lose interest in the content, it fails to produce scientifically literate 
citizens.
The belief that American students lack science literacy is not a new 
phenomenon. Science reform over the last fifty years has revolved around students 
being prepared to understand and continue the science excellence of this country.
The next section describes the various reform movements that have initiated 
educational change in hopes of increasing student science literacy.
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The Atrophy o f American Superiority: Review of Events, Policies, and Initiatives
“Few Americans, if  any, can recall a time when the United States was not 
the world leader in mathematics, science, technology, and innovation. For decades, 
America has known no rival” (Business—Higher Education Forum, 2005, p. 3). 
Americans understand what it feels like to be the economic, scientific, and 
technological leaders o f the world. Up until the late 1950s, Americans were 
unworried about their pre-eminence as world leaders. The successful launch of the 
Russian satellite, Sputnik, however, eradicated feelings of complacency and 
replaced them with fear. Post-Sputnik events, policies, and initiatives spearheaded 
educational change in order to regain and maintain dominance. Five critical events, 
policies, and initiatives are discussed within this section on science reform. Each 
occurrence has initiated science reform by calling for improvements in education. 
These events, policies, or initiatives include Sputnik, the 1983 repo rts  Nation at 
Risk, Goals 2000: Educate America Act, NCLB legislation, and the Science, 
Technology, Engineering, and Mathematics (STEM) Initiative. A description of 
these occurrences and the transformations in science education caused by each are 
described within this section.
Sputnik: The Launch That Changed the World
The launching of the world’s first satellite by Russia in 1957 prompted 
widespread educational reform in America. Sputnik represented more than a 
technological advance; it signified Russia’s authority in science and technology.
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The impact o f Sputnik was seen in the U.S. from the late 1950s to the early 1970s in 
the form o f new science education programs, new government agencies responsible 
for science and technology growth, and legislation supporting educational reform 
(Bybee, 1997; Hatch, 2002; Mazuzan, 1994).
Although science reform in the U.S. had already begun as a result of 
technological changes after World War II (WWII), “Sputnik still played a 
significant role in educational reform” (Bybee, 1997, p. 1). Not only did Americans 
feel inferior in the areas of math, science, and technology, there was a shift in 
feelings of safety and security; the question became what else could Russia 
accomplish (Bybee, 1997; Klopfer & Champagne, 1990; Mazuzan, 1994). “In 
short, the United States perceived itself as scientifically, technologically, militarily, 
and economically weak. As a result, educators, scientists, and mathematicians 
broadened and accelerated educational reform, the public understood and supported 
the effort, and the policy makers increased federal funding” (Bybee, 1997, p. 1). 
According to Mazuzan (1994), historian for the National Science Foundation,
“While the satellite provided the first human reach beyond the planet, it symbolized 
in America the need for improving scientific education and basic research, needs 
already known to the scientific community” (Chapter II section, f  22).
Sputnik represented American inferiority. This feeling sparked reform in 
both education and the science arenas. National organizations that promoted 
science and technology were created in order to recapture the supremacy 
experienced by the U.S. following WW II. Congress allocated money for schools
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and school programs to facilitate reform in the educational system. The impact of 
Sputnik and establishment of these organizations and legislations are detailed in the 
following section.
America Responds
Sputnik served as a symbol o f American inadequacy in the scientific and 
technological fields as well as in the educational system. Tremendous educational 
and scientific reform occurred following Sputnik’s launch. This change includes the 
creation of the National Science Foundation (NSF) and the National Aeronautics 
and Space Administration (NASA); enactment o f the National Defense Education 
Act (NDEA), Elementary and Secondary Education Act (ESEA), and Higher 
Education Act (HEA); and formation o f new science programs known as the 
alphabet soup programs.
National Science Foundation
The NSF, created in 1950, was responsible for advancing scientific research 
and education. “By the National Science Foundation Act of 1950 the Congress 
established the National Science Foundation to promote the progress of science; to 
advance the national health, prosperity, and welfare; to secure the national defense; 
and for other purposes” (NSF, 2005,f 2). Since its inception, the NSF has 
contributed to educational reform in the appropriation of federal money for 
scientific research. At the conception of NSF, Congress provided the organization
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with $15,000,000 (Mazuzan, 1994). Prior to Sputnik, NSF was appropriated $40 
million to advance science and technology. Following Sputnik, however, the budget 
rose dramatically to $134 million (Marcuccio, 1987; Mazuzan, 1994). Along with 
an increase in government funds for NSF, Congress also created an organization to 
advance American space technology and travel as well as provided money for 
American students to increase their knowledge about science. The congressional 
acts that established these are described in the next two sections.
National Aeronautics and Space Act
The public outcry for America to once again establish its technological
dominance was addressed in Congress by new legislation. The National
Aeronautics and Space Act of 1958 created NASA. NASA not only increased
federal funding for scientific research and development, it also took responsibility
for entering and advancing the U.S. in the race to space (Mazuzan, 1994). The
space race ended on July 21, 1969, with the U.S. victorious after American
astronaut Neil Armstrong became the first man on the moon. Armstrong,
commander on Apollo 11, was one o f twelve men— all Americans—to walk on the
moon between 1969 and 1972 (Garber & Launius, 2002). The accomplishment of
the Apollo program, although important for the spirit o f the nation, was not popular
after 1969 when Americans reclaimed technological dominance over Russia.
According to Wilford (as cited in Compton, 1989):
The first Apollo landing was, in one sense, a triumph that failed, not because 
the achievement was anything short o f magnificent but because of
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misdirected expectations and a general misinterpretation of its real meaning. 
The public was encouraged to view it only as the grand climax of the space 
program, a geopolitical horse race and extraterrestrial entertainment— not as 
a dramatic means to the greater end of developing a far-ranging spacefaring 
capability. (Project Apollo Stunt or Portent section, |  6)
National Defense Education Act
During this time period, Congress also created the National Defense 
Education Act (NDEA). NDEA represented the first comprehensive federal 
education legislation. It provided money for education in the form of loans for 
college students and instructional improvement (science, mathematics, foreign 
languages) at the elementary and secondary levels (Mazuzan, 1994; U.S. 
Department o f Education, n.d.).
Elementary and Secondary Education Act and Higher Education Act
In 1965, President Johnson called for America to cultivate a Great Society 
by establishing a thriving economy, creating opportunity for all citizens, and 
improving the American quality o f life (Johnson, 1965). Educational reform was a 
key ingredient o f improving quality o f life. In a speech at the University of 
Michigan in 1964, Johnson detailed the anticipated educational changes in the Great 
Society by saying:
But more classrooms and more teachers are not enough. We must seek an 
educational system which grows in excellence as it grows in size. This 
means better training for our teachers. It means preparing youth to enjoy 
their hours o f leisure as well as their hours o f labor. It means exploring new 
techniques o f teaching, to find new ways to stimulate the love o f learning 
and the capacity for creation. (Johnson, 1964, Tf 30)
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The aftermath of Johnson’s desire to create a Great Society led Congress to enact 
two pieces of educational legislation in 1965, the Elementary and Secondary 
Education Act (ESEA) and the Higher Education Act (HEA). These acts provided 
federal funding for K-12 education and federal money for prospective college 
students respectively (Schwartz, 2004; U.S. Department o f Education, 1965).
Alphabet Soup Programs
The 1960s represented the post-Sputnik era or golden age of science and 
technology. Numerous programs (referred to as the alphabet soup programs due to 
their use o f program title acronyms) and curricula were pioneered. “With these 
science programs, classrooms became laboratories where students interacted with 
the materials” (Hatch, 2002, p. 6). The NSF sponsored training workshops and 
acted as the major source o f economic support for these programs (Hatch, 2002; 
Klopfer & Champagne, 1990). Textbook instruction was replaced with hands-on 
materials and kits designed to gain the interest of the students. The focus was on 
discovering the material that denoted pure science— as opposed to the previously 
taught health and social applications o f science and technology (Bentley, 1995).
Elementary programs begun in this decade included Elementary School 
Science (ESS), Science Curriculum Improvement Study (SCIS), Elementary School 
Science Project (ESSP), Science—A Process Approach (SAPA), Quantitative 
Approach to Elementary School Science (QS), Individualized Science (IS), 
Conceptually Oriented Program in Elementary Science (COPES), and Child-
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Structured Learning in Science (CSLS). Although these programs differed in 
techniques and structure, “each placed major stress on children’s investigatory 
activities. ... and concentration on science content and science questions to be 
investigated” (Klopfer & Champagne, 1990, p. 145). The majority o f these 
programs received federal funding in the 1960s and 1970s.
The educational reform during this time embodied a fresh approach to 
science instruction. Many o f the alphabet soup programs merged science experts 
with classroom teachers. This allowed innovative methods to reach the students. 
“This collaboration between classroom teachers and researcher scientists was the 
hallmark o f the curriculum reform movement o f this time, and it represented a 
fundamentally new way of stimulating educational reform” (Dow, 1997, p. 3).
Synthesis o f Sputnik and Its Impact
A small satellite began the first large-scale educational reform movement in 
America. Sputnik caused such pandemonium that science organizations, like NSF 
and NASA, were formed in order to regain scientific dominance. These 
organizations were given money to fund science literacy programs (alphabet soup 
programs) and technological advances to ensure American superiority. The 
government enacted legislation following Sputnik that made educational reform 
possible. NDEA, ESEA, and HEA represent federal legislation aimed at improving 
the state o f education during this time. The impact o f Sputnik lasted for more than a 
decade. Many science achievements were bom from this movement. These
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successes include the partnership of science educators and scientists, enhanced 
knowledge o f curriculum development, increased number of experts in science 
education, the formation of excellent science resources (alphabet soup programs), 
inclusion o f hands-on science activities in elementary school, and the readiness of 
teachers to improve their subject-matter knowledge and teaching skills (Rutherford, 
1997). The next major impetus for educational reform came from a federal 
document released in 1983 known as A Nation at Risk. This document and the 
impact it had on educational reform are described in the next two sections.
America’s Second Wake up Call: A Nation at Risk
On April 26, 1983, the U.S. Department o f Education’s National
Commission on Excellence in Education headed by Secretary Bell presented a
report to President Reagan that was considered “the most important United States
education reform publication of the 20th century” (Hatch, 2002, p. 6). This report
illuminated the state o f K-12 education by stating:
Our Nation is at risk. Our once unchallenged preeminence in commerce, 
industry, science, and technological innovation is being overtaken by 
competitors throughout the world. This report is concerned with only one of 
the many causes and dimensions o f the problem, but it is the one that 
undergirds American prosperity, security, and civility. We report to the 
American people that while we can take justifiable pride in what our schools 
and colleges have historically accomplished and contributed to the United 
States and the well-being of its people, the educational foundations o f our 
society are presently being eroded by a rising tide of mediocrity that 
threatens our very future as a Nation and a people. What was unimaginable 
a generation ago has begun to occur; others are matching and surpassing our 
educational attainments.
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If an unfriendly foreign power had attempted to impose on America the 
mediocre educational performance that exists today, we might well have 
viewed it as an act o f war. As it stands, we have allowed this to happen to 
ourselves. We have even squandered the gains in student achievement made 
in the wake o f the Sputnik challenge. Moreover, we have dismantled 
essential support systems which helped make those gains possible. We 
have, in effect, been committing an act o f unthinking, unilateral educational 
disarmament. (U.S. Department o f Education, 1983,1 1-2)
Bell, the Secretary of Education in 1983, was the key author of this
document. By dramatizing the fatalistic condition of public education Bell hoped to
gain President Reagan’s support for drastic reform in educational policy. Initially,
the report did not receive support from the Reagan administration because it did not
include items from Reagan’s educational agenda: vouchers, tuition tax credits,
restoring school prayer, and abolition of the U.S. Department of Education (Bracey,
2003). When the report was released, states began exerting pressure with regards to
accountability on local school districts. Educational leaders, parents, and the
business community vocalized their concerns about the U.S. educational system
(Bracey, 2003). According to Kubota (1997):
This publication awoke a sleeping nation, alarmed the business community, 
and began the analysis of the enormous problem confronting the educational 
community. It would be the first of hundreds o f reports that would all come 
to the same conclusion: America’s schools were failing to provide its 
students with the skills and intellectual tools needed for the 21st century, (p. 
132)
The public wanted the recommendations in Bell’s original report addressed in order 
to reclaim America’s academic excellence (Kantor & Lowe, 2004). Bell’s 
propositions included:
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1. Graduation requirements should be strengthened so that all students 
establish a foundation in five new basics: English, mathematics, science, 
social studies, and computer science.
2. Schools and colleges should adopt higher and measurable standards for 
academic performance.
3. The amount of time students spend engaged in learning should be 
significantly increased.
4. The teaching profession should be strengthened through higher standards 
for preparation and professional growth. (National Commission, 1983, f  
4-7)
The uproar from A Nation at Risk influenced the formation of new reform 
movements. New alphabet soup programs (a reminder o f the 1960 era) were formed 
to help create prepared students in the area o f science. These programs, still in use 
today, operate under an inquiry-based approach developing both skills and content 
knowledge in students (Hatch, 2002). The next section describes the impact that A 
Nation at Risk had on educational reform.
Reform Triggered from Outcry of A Nation at Risk
A Nation at Risk served to rejuvenate the pursuit of educational reform that 
began in 1957 by the Sputnik launch. Like the Sputnik reform, A Nation at Risk 
reported that American students were not ready to meet the challenges needed for 
American dominance. The impact o f A Nation at Risk was the beginning o f a new 
wave o f educational reform. This new reform movement included innovative 
programs that came from reports and studies following the release of A Nation at 
Risk. Within two years of the release of A Nation at Risk, 44 states had initiated 
some type o f reform (Sunderman, 1995). This section highlights the after-effects of 
A Nation at Risk.
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New Alphabet Soup Programs
The alphabet soup programs of the 1960s inspired a new wave of reform in 
the 1980s. Educators and scientists transformed the old 1960 programs to create 
new and improved curricula. Great Exploration in Math and Science (GEMS), Full 
Option Science System (FOSS), Activities to Integrate Mathematics and Science 
(AIMS), and Science Education for Public Understanding Program (SEPUP) were 
prominent programs developed in the '80s (Hatch, 2002). GEMS, FOSS, and AIMS 
focus on developing curricula for elementary and middle schools (prekindergarten 
grades-grades 8/9), while SEPUP generates materials for middle - to high-school- 
age students (grades 6-12). All four programs are in existence today and widely 
used by school districts. The new models were designed to aid in student 
comprehension of science content as well as enhancing inquiry and investigation 
skills and processes. Additionally, they provided supplemental teacher strategies to 
promote student learning (Hatch, 2002). Despite the widespread use o f the new 
alphabet soup programs, schools still rely primarily on textbooks for science 
education. “Today, many school districts have adopted inquiry-based science 
programmes but a majority o f schools still use a textbook, spending an average of 
three hours per week on science” (Hatch, 2002, p. 7).
Project 2061
The American Association for the Advancement o f Science (AAAS) began 
Project 2061 in 1985. The goal was to create a scientifically literate nation. “Project
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2061 set out to identify what was most important for the next generation to know 
and be able to do in science, mathematics, and technology—what would make them 
science literate” (AAAS, 2004b, f  2). A panel o f scientists, mathematicians, and 
technologists developed recommendations that were incorporated into an AAAS, 
Project 2061 publication, Science fo r  All Americans (AAAS, 2004b; Hatch, 2002). 
Science fo r  A ll Americans describes methods o f valuable teaching and learning 
strategies and supplied an operational definition for scientific literacy. Science 
literacy was broadly defined in Project 2061 using six essential principles:
1. Being familiar with the natural world and respecting its unity
2. Being aware o f some of the important ways in which mathematics, 
technology, and the sciences depend upon one another
3. Understanding some of the key concepts and principles o f science
4. Having a capacity for scientific ways o f thinking
5. Knowing that science, mathematics, and technology are human 
enterprises and knowing what that implies about their strengths and 
limitations
6. Being able to use scientific knowledge and ways o f thinking for personal 
and social purposes. (Rutherford & Ahlgren, 1990, p. xvii-xviii)
Holmes Group
In response to A Nation at Risk, the Holmes Group issued a report in 1986 
regarding the quality o f teachers. Tomorrow’s Teachers petitioned for more 
comprehensive teacher education programs—  four-year undergraduate program 
followed by two years o f graduate study (The Holmes Group, 1986). This report 
aimed at enhancing teacher education programs that “acknowledge differences in 
teachers’ knowledge, practice, and dispositions; create more demanding standards 
for entry into the profession; connect universities and schools; and leverage better
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working conditions for teachers” (Ishler, Edens, & Berry, 1996, p. 364). The 
Holmes Group published two other reports in 1990 and 1995 that deal with similar 
issues o f teacher preparation.
Carnegie Forum on Education and the Economy in the 1980s
A Nation Prepared: Teachers fo r  the Twenty-First Century was released in 
1986 by the Carnegie Forum on Education and the Economy. This report advocated 
the regulation o f teacher education and certification to ensure “more rigorous 
preparation, certification, and selection” (Ishler et al., 1996, p. 365). Similar to the 
Holmes Group reports, Carnegie supports longer preparation periods (graduate 
level) for teachers in order to provide prospective teachers with essential content 
knowledge and pedagogy (Carnegie Forum on Education and the Economy, 1986). 
Additionally, A Nation Prepared affirms the need for similar preparation for 
elementary and secondary teachers: “ ... elementary school teachers require the same 
kind of rigorous undergraduate preparation as secondary teachers in each o f the 
subjects they will teach” (Ishler et al., 1996, p. 365). Furthermore, the report 
requested a reorganization o f elementary school systems that enable teachers to 
teach fewer content areas.
A Nation Prepared called for the development of an organization assigned 
the duty of identifying highly qualified teachers. This organization, today known as 
the National Board for Professional Teaching Standards (NBPTS), was formed in
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1987 and began certifying teachers in 1993. The NBPTS is further discussed in the 
section on teacher organizations.
Synthesis o f A Nation at Risk and Its Impact
The year 1983 became another hallmark date associated with educational 
reform. The release of A Nation at Risk served as a wake-up call for Americans and 
policy makers that the U.S. was not successful in educating children. The spark that 
occurred after this report allowed for the development o f new educational programs 
(alphabet soup) that were hands-on and inquiry based. Reports like Science fo r  All 
Americans, Tomorrow’s Teachers, and A Nation Prepared advocated better teacher 
preparation in order to meet the initiative set forth by A Nation at Risk. The 
inadequacy o f American students continued to be an issue a decade after A Nation at 
Risk was released. The next section describes the impact of legislation in the 1990s 
to improve the educational system through the use o f standards.
Saving American Education: Enactment of Goals 2000
The National Performance Goals in Education, first known as America 2000, 
was established in 1989 as a result of a National Education Summit between 
President George H. Bush and the nation’s governors (Hatch, 2002; National 
Education Goals Panel, 1999). The 1989 Education Summit led to the adoption of 
six National Education Goals, later expanded to eight in 1994 by Clinton’s Goals 
2000: Educate America Act. Essentially, the Goals state that by the year 2000:
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1. All children will start school ready to learn.
2. The high school graduation rate will increase to at least 90%.
3. All students will become competent in challenging subject matter.
4. Teachers will have the knowledge and skills that they need.
5. U.S. students will be first in the world in mathematics and science 
achievement.
6. Every adult American will be literate.
7. Schools will be safe, disciplined, and free of guns, drugs, and alcohol.
8. Schools will promote parental involvement and participation. (National 
Education Goals Panel, 1999,f 5)
The Clinton Administration continued the work that began with the America 
2000 initiative by renaming it Goals 2000: Educate America Act (Hatch, 2002). In 
1994, Congress enacted Goals 2000. The law “helps states and communities realize 
the national commitment to improving education and ensuring that all children 
reach high academic standards (U.S. Department of Education, 1998, p. 1). The 
formation of Goals 2000 was based on the following essential ideologies that 
contribute to successful school change:
1. All students can learn
2. Lasting improvements depend on school-based leadership
3. Simultaneous top-down and bottom-up reform is necessary
4. Strategies must be locally developed, comprehensive and coordinated
5. The whole community must be involved in developing strategies for 
system-wide improvement. (U.S. Department of Education, 1998, p. 3)
Goals 2000 required states and districts to use content and performance 
standards to measure student growth. “Goals 2000 awards grants to participating 
States and districts to support communities in the development and implementation 
o f their own standards-based education reforms” (U.S. Department of Education, 
1998, p. 3). The impact of Goals 2000 was the development o f new legislation and
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implementation o f reform that was standards based. The next section highlights the 
changes that occurred in education after Goals 2000 was enacted.
The Birth of the Standards Movement
Goals 2000 began the movement of standards-based reform. Standards were 
developed for students, teachers, and educational systems (K-16 institutions). The 
work begun by Goals 2000 was expanded by additional educational legislation.
This legislation and the standards that resulted from Goals 2000 are described in this 
section.
Improving America’s Schools Act of 1994
The Improving Am erica’s Schools Act (IAS A), signed in 1994 by President 
Clinton was a reauthorization of the ESEA of 1965 (reauthorized every five years 
since its inception). IAS A provided additional support for state and local 
development o f content and performance standards mandated by Goals 2000. This 
legislation had “a focus on changing the way we deliver education, encouraging 
comprehensive systemic school reform, upgrading instructional and professional 
development to align with high standards, strengthening accountability, and 
promoting the coordination of resources to improve education for ALL children” 
(U.S. Department o f Education, n.d., IASA Introduction section). This legislation 
included monetary support for districts complying with content and performance 
standards, three mandatory tests between grades 3 and 12, demonstration of
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Adequate Yearly Progress (AYP) in student achievement, and the requirement of 
school improvement plans (SIP) by districts (Rudalevige, 2003; U.S. Department of 
Education, n.d.).
As a result of Goals 2000 and IASA, national organizations developed 
standards to guide learning at various levels along the spectrum of education (e.g., 
K-16 content and assessment standards and professional development/teaching 
standards). This study examines the knowledge needed for elementary teachers to 
teach science, and therefore science education standards are an important part of the 
science reform movement. The reform movements following both A Nation at Risk 
and Goals 2000 share four essential ideas about science education:
1. Today, science is considered important for everyone, with a commitment 
to diversity and equity.
2. The approach of hands-on science became hands-on/minds-on science, 
with students expected to learn both process skills and content along 
with reasoning skills to bring them together. It is also felt that fewer 
topics, studied in greater depth, will help the curriculum not be 
‘overstuffed and undernourished.’
3. Science should be taught in a constructivist approach, recognizing that 
students come to school with already formed ideas about the natural 
world.
4. In order to implement the new reforms, the entire educational system 
must be mobilized to support reforms. The system needs to provide 
opportunities for ongoing teacher education, for student assessment, for 
teacher evaluation and reward, and for involving the entire community in 
the educational process. (Hatch, 2002, p. 7)
These ideas are embodied in the science standards that help reform science
education. Standards essential for science reform are discussed in the next section.
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The National Academies, under a congressional charter, serve as advisors to 
the nation in science (National Academy of Sciences), engineering (National 
Academy of Engineering), and medicine (Institute o f Medicine). The National 
Research Council (NRC), one o f the branches o f the National Academies, conducts 
scientific research and publishes reports recommending science programs (National 
Academy o f Sciences, 2004). In 1995-96, the NRC in conjunction with 22 
associations/societies (both scientific and science education related e.g., the 
National Science Teacher Association requested national standards as early as 1991) 
developed and published the National Science Education Standards (NSES). 
(National Academy of Sciences, 1996). NSES, also referred to as the Standards, 
“outline what students need to know, understand, and be able to do to be 
scientifically literate at different grade levels” (National Academy of Sciences,
2004, p. 2). NSES provided guidelines for “teacher preparation and staff 
development, instructional materials, assessment, support for instruction, and 
policies related to science education” (Hatch, 2002, p. 7).
NSES includes standards for a variety o f elements in science education. 
These include standards for science teaching (which are further delineated in the 
section on teacher preparation), standards for professional development, standards 
for assessment, standards for science content, standards for science education 
programs, and standards for science education systems (National Academy of 
Sciences, 1996).
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Illinois Learning Standards
Illinois has adopted learning standards for students that correlate with the 
NSES. As one of the first states to adopt the standards in 1997, these standards 
represent both knowledge and skills that all Illinois students are expected to know 
and be able to accomplish in school. The Illinois Learning Standards (ILS) for 
students is divided into goals, standards, and benchmarks. Goals are broad 
knowledge statements and skills, standards are narrowed statements concerning 
knowledge and skills that exist within each goal, and benchmarks represent 
indicators for recognizing student comprehension o f knowledge and skills of each 
standard. Benchmarks are further outlined by grade-level clusters: early elementary 
school, late elementary school, middle/high school, early high school, and late high 
school. There are seven areas within the standards: English language arts, 
mathematics, science, social science, physical development and health, fine arts, and 
foreign languages (ISBE, n.d.). For the purpose of this paper, the science goals are 
outlined below:
• State Goal 11: Understand the processes of scientific inquiry and 
technological design to investigate questions, conduct experiments, and 
solve problems.
• State Goal 12: Understand the fundamental concepts, principles, and 
interconnections of the life, physical, and earth/space sciences.
• State Goal 13: Understand the relationships among science, technology and 
society in historical and contemporary contexts. (ISBE, n.d., Science 
section)
According to Raths (1999), the National Education Goals Panel cautions that 
content standards (either educator teaching standards or student learning standards)
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are worthless without the addition o f performance standards. Performance 
standards differentiate what educators or students should be able to accomplish at a 
given point in their education. K-12 schools as well as higher education institutions 
have incorporated performance standards within their programs. Educators must 
often demonstrate knowledge and understanding through performance assessments. 
The importance o f standards was evident by the release of a document entitled What 
Matters Most: Teaching fo r  America’s Future by the National Commission on 
Teaching and America’s Future. This organization and the document released are 
further discussed in the next section.
National Commission on Teaching and America’s Future
The purpose o f the National Commission on Teaching and America’s Future 
(NCTAF) was to improve the quality o f teaching in America’s schools. The 
Commission published the report, What Matters Most: Teaching fo r  America's 
Future, in 1996; it centered on three concerns in education: teacher preparation, 
teacher recruitment, and teacher retention. Five recommendations were bom from 
this report:
1. Get serious about standards for both students and teachers.
2. Reinvent teacher preparation and professional development.
3. Fix teacher recruitment and put qualified teachers in every classroom.
4. Encourage and reward teacher knowledge and skill.
5. Create schools that are organized for student and teacher success. (Davis, 
Williams, & Griffin, 2003, Review of Recommendations section, ][ 1)
Six additional reports were generated from the second recommendation to 
reinvent teacher preparation. These reports focused on the flaws of teacher
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preparation, including “inadequate time, fragmentation, uninspired teaching 
methods, superficial curricula, and traditional views o f schooling” (Davis et al.,
2003, Review of Recommendations section, ^ 2). The six reports were the American 
Federation o f Teachers report of 1998, A Talented, Dedicated, and Well-Prepared 
Teacher in Every Classroom, released by the Department o f Education in 1999; 
Teacher Quality and P-16 Reform: The State Policy Context, written by Zimpher in 
1999; the American Council in Education report, To Touch the Future: 
Transforming the Way Teachers are Taught, the 2001 National Alliance o f Business 
report, Investing in Teaching', and a report released by the Carnegie Forum of New 
York in 2001. These reports, along with the NCTAF report, produced over 40 
recommendations pursuant to educational reform in teacher preservice (Davis et al., 
2003).
Synthesis of Goals 2000 and Its Impact
Standards-based reform began with eight national goals set forth by Goals
2000. This legislation called for educational reform through the use o f content and 
performance standards to measure student growth. Following Goals 2000, IASA 
legislation provided additional requirements for schools receiving federal money.
As a result o f both Goals 2000 and IASA, professional organizations began forming 
standards. Standards such as the NSES and ILS offer guidelines for what students 
should know and be able to do. Standards are crucial to educational reform today. 
Standards have also been recognized by national organizations as a means to
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improve teacher preparation. After the release o f What Matters Most, other reports 
were published stating the importance of standards. The next section describes the 
reauthorization of ESEA.
Same Problem. Different Era: No Child Left Behind
Education was bombarded by standards in the 1990s. The NSES, along with 
legislation (Goals 2000 and IASA) paved the way for further congressional acts 
enabling the government to take a larger interest in education. In 2002, Congress 
reauthorized the ESEA (1965) by passing P.L. 107-110, known as NCLB Act of
2001. NCLB operates under four main goals: “stronger accountability for results, 
more freedom for states and communities, encouraging proven education methods, 
and more choice for parents” (U.S. Department of Education, n.d., Legislation 
section, 1 1).
The seven key components necessary to succeed in “leaving no child 
behind” include improving the academic performance o f disadvantaged students, 
boosting teacher quality, moving limited-English-proficient students to English 
fluency, promoting informed parental choice and innovative programs, encouraging 
safe schools for the 21st century, increasing funding for impact aid, and encouraging 
freedom and accountability. Within the area o f improving teacher quality, this bill 
calls for reform in math and science education by establishing partnerships between 
elementary and secondary schools and institutions o f higher education. The 
partnerships aim at strengthening math and science university programs and
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increasing the number o f teachers majoring in math and science (U.S. Department 
o f Education, n.d.). Beginning in the 2005-2006 school year, science teacher 
certification changed to allow for less content-specific certification. This change 
was a product of the demand for more qualified science teachers in education 
(certification flexibility also affects rural and multisubject teachers) (U.S. 
Department o f Education, n.d.). Although this does not change testing in Illinois 
since Illinois already measures student achievement in science, this does cause 
wide-spread assessment and comparisons among states. This causes increased 
accountability for schools and states to ensure high-quality science instruction.
Adequate Yearly Progress (AYP) is currently measured every year for 
elementary school students in literacy and math. Science will be measured every 
three years starting in the 2007-2008 school year. In addition, NCLB mandates the 
implementation of only research-based instructional strategies. “Over the last 
decade, researchers have scientifically proven the best ways to teach reading. We 
must do the same in science. America’s teachers must use only research-based 
teaching methods and the schools must reject unproven fads” (U.S. Department of 
Education, n.d., The Facts About Science Achievement section). NCLB was a 
bipartisan law encompassing the tenets o f (a) achievement of Adequate Yearly 
Progress (AYP), (b) the National Assessment o f Educational Progress (NAEP) 
exam in 4th and 8th grades, (c) content and performance standards for all students,
(d) annual testing in math and reading for grades 3-8 and once for grades 10-12, (e) 
school improvement plans (SIP) linked to research, (f) consequences and
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accountability for failing schools, (g) partial school choice for failing schools, and 
(h) restructuring for failing schools (Rudalevige, 2003). Despite the mandatory 
nature o f this legislation, there are no state consequences for failing schools or 
districts. Starting in 2007-2008, students must be tested in science; however, it was 
not until the 2007 reauthorization of NCLB that mandated science become part of 
AYP starting in 2008-2009. According to the most recent NCLB report, “Including 
science in NCLB accountability determinations will encourage a greater focus on 
this critical subject and ultimately lead to greater science achievement” (U.S. 
Department o f Education, 2007, p. 12). The next section discusses the impact of 
NCLB on education.
NCLB: Is It Working?
The Northwest Evaluation Association (NWEA) conducted a scientifically 
based study examining the impact o f NCLB. NWEA is a national non-profit 
organization committed to helping children leam (NWEA, 2006). “NWEA provides 
products and services to measure and promote academic student growth and school 
improvement. These include accurate assessments, timely reporting, practical 
classroom resources, and ongoing professional development” (NWEA, 2005, U 2). 
The study measured student achievement and student growth before and after 
NCLB legislation. Student achievement assesses the student score at one point in 
time while student growth measures the difference in scores for the student over 
time. The four questions examined in this study included:
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•  Are student achievement levels higher than when NCLB went into 
effect?
•  Is student achievement growth higher than it was when NCLB first went 
into effect?
•  Are achievement levels and achievement growth gaps among ethnic 
groups shrinking under NCLB?
•  Given current rates o f changes in achievement level, are schools likely to 
meet the requirements o f NCLB? (NWEA, 2005, f  5)
Over 300,000 mathematics and reading scores were analyzed from the 2001-2002
(prior to NCLB legislation) and 2003-2004 (after NCLB legislation) school years.
Results from this study indicate mathematics and reading scores have increased
since NCLB, with mathematics scores improving more than reading scores.
However, student growth scores have decreased in the two-year span. Additionally,
ethnic groups in every grade and every subject show less growth and achievement
than White students. Although it is still early to look at the large-scale impact of
NCLB, findings from this study illustrate “that NCLB may have a positive impact
on student achievement, but they also indicate that this impact currently falls far
short of meeting the goal that all students be identified as proficient” (NWEA, 2005,
Impact section, 1 2). NWEA plans to continue to monitor NCLB impact by
conducting similar studies each year. The next section provides information on
changes in teacher preparation including teacher organizations and accreditation
bodies.
The 21st-Century Sputnik: Need for Improvement in Science. Technology.
Engineering, and Mathematics Education
This generation now faces an entirely new challenge, both at home and
abroad. Any number of countries in Asia and Europe are educating and
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training their citizens and competing with -  and, in several cases, beginning 
to surpass -  the United States for talent to develop new technologies, new 
cures, new frontiers.
If we take our scientific and technologic supremacy for granted, we risk 
losing it. What we are lacking at the moment is not so much the 
wherewithal to meet the challenge, but the will. Together, we must ensure 
that U.S. students and workers have the grounding in math and science that 
they need to succeed and that mathematicians, scientists, and engineers do 
not become an endangered species in the United States. (Business 
Roundtable, 2005, p. 14)
A current reform in education is the Science, Technology, Engineering, and 
Mathematics (STEM) Initiative. STEM is recognized nationally and locally as a 
way to improve education and America’s future. Many initiatives are underway in 
support o f STEM education. One project, STEM Education Coalition, is made up of 
over 40 groups interested in improving education. The STEM Education Coalition 
is co-chaired by the American Chemical Society and the National Science Teachers 
Association. Participating organizations in the STEM Education Coalition 
important to this study include the American Association for the Advancement of 
Science, Illinois State Board of Education, and American Association for Colleges 
of Teacher Education (Business Roundtable, 2005). The coalition developed seven 
objectives to improve education and raise awareness about STEM initiatives. The 
objectives include:
•  Strengthen effective STEM education programs at all levels -  K-12, 
undergraduate, graduate, continuing ed., vocational, informal -  at the 
National Science Foundation, the U.S. Department of Education, and 
other federal agencies with STEM-related programs, and encourage 
better coordination of efforts among federal agencies that provide 
STEM education programs.
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•  Encourage national elected officials and key opinion leaders to 
recognize and bring attention to the critical role that STEM education 
plays in the U.S. competitiveness and our future economic prosperity.
•  Support new and innovative initiatives that will help improve the 
content knowledge skills and professional development o f the K-12 
STEM teacher workforce and informal educators and improve the 
resources available in STEM classrooms and other learning 
environments.
•  Support new and innovative initiatives to recruit and retain highly 
skilled STEM teachers.
•  Support new and innovative initiatives to encourage more o f our best 
and brightest students, especially those from underrepresented or 
disadvantaged groups, to study in STEM fields.
•  Support increased federal investment in education research to determine 
effective STEM teaching and learning methods.
•  Support new and innovative initiatives that encourage partnerships 
between state and local educators, colleges, universities, museums, 
professional organizations, science centers and the business, science, 
and technology communities that will improve STEM education. 
(STEM Education Coalition, n.d., Coalition Objectives section, If 1-7)
The NSF and the U.S. Department o f Education support STEM education 
and fund projects aimed at improving science, technology, engineering, and math.
In 2006, President Bush announced the creation o f the American Competitiveness 
Initiative (ACI). ACI’s goal was to “encourage innovation throughout our economy 
and to give our nation’s children a firm grounding in math and science” (Bush,
2006, U 49). Components of ACI are also added to the 2007 reauthorization of 
NCLB.
Keeping Illinois Competitive, an Illinois Status Report on STEM education, 
affirms five challenges facing education in this state. These challenges are:
•  Student academic achievement
•  Alignment to 2 l st-century knowledge and skills
•  Teacher preparation
•  Investment in STEM education
•  Lifelong learning (Northern Illinois University, 2006, p. 1)
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The first challenge recognized by this task force was that STEM subjects are not 
preparing students for jobs or college. Although some Illinois students perform well 
on NAEP tests, some fall quite short. The report recommends addressing these 
inconsistencies and finding ways for all students to achieve in STEM-related 
courses. The second challenge is that of revising and aligning curricula, 
assessments, and pedagogy to the knowledge and skills of the economic world we 
live in. The next challenge is improving teacher preparation. The report recognizes 
that many math and science teachers lack qualifications and access to professional 
development in order to improve their teaching. The fourth challenge describes the 
loss o f qualified STEM professionals who are needed to keep Illinois competitive in 
a global economy. Lifelong learning is the last challenge proposed by this report. 
This challenge illustrates the need for all citizens to have math and science 
knowledge and recommends people continue seeking this information in order to 
live in our technological world. Keeping Illinois Competitive requires a joint effort 
between private and public sectors and aligning the reform efforts across grade 
levels, from prekindergarten to graduate school (P-20 education).
A Commitment to America’s Future: Responding to the Crisis in 
Mathematics and Science Education describes the lack o f education in the STEM 
areas and recommends four actions to remedy this problem (Business—Higher 
Education Forum, 2005). The first action is to establish a P-16 council in each state 
composed of educators, policymakers, and business leaders. The second action is to 
address and align P-12 science and math standards, curricula, assessment, teacher
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quality, and accountability. Involving businesses and higher education in the reform
process is the third action. The last action calls for effective national and state
informational systems between the public and educators. The report explains that
society must be convinced o f the value o f science and math education for all people.
Furthermore, citizens must understand that STEM knowledge is not only important,
it is essential for further economic development and national security. The Forum
also states that these four actions must be performed simultaneously within the next
five years for change to occur.
Overall, STEM initiatives are integral to the economic and technological
development seen in the United States. The drastic need for programs that integrate
STEM areas is evident on both the national and local levels. Furthermore,
if  we wait for a dramatic event -  a 21st century version of Sputnik -  it will be 
too late. There may be no attack, no moment o f epiphany, no catastrophe 
that will suddenly demonstrate the threat. Rather, there will be a slow 
withering, a gradual decline, a widening gap between a complacent America 
and countries with the drive, commitment and vision to take our place. 
(Business Round Table, 2005, p. 5)
America is on the verge o f losing its supremacy in the STEM subjects. In order to
sustain the edge we have, we must address the problems associated with STEM
education. The next section discusses the relevant literature on teacher preparation.
Who Guides Teacher Preparation?
The state o f science education in elementary schools and the competence of 
elementary science teachers have been under intense scrutiny, both 
nationally and internationally, for a number o f years. Concern has been 
expressed continually about the low level o f science teaching activity, the 
science knowledge base of elementary school teachers, the quality of
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instruction in science in elementary schools, and the associated preservice
programs. (Watters & Ginns, 1997, p. 3)
Teacher preparation or teacher preservice is important for educational 
reform and has been part o f the reform movements discussed in this paper. An 
essential component o f teacher preparation is the advent of national and local 
organizations that provide guidelines for teacher preparation. This section discusses 
the major teacher organizations and accreditation bodies and the major changes that 
have occurred in teacher preparation.
Teacher Organizations and Accreditation Bodies
Teacher education is a national, state, and university-regulated process. 
Although national organizations exist to help aid in the implementation o f effective 
programs and educational movements, there are few national policies governing 
education, especially teacher or higher education. Teacher organizations help 
monitor and regulate teacher education programs. Among them are the National 
Council for Accreditation of Teacher Education (NCATE), Association for 
Childhood Education International (ACEI), National Board of Professional 
Teachers Standards (NBPTS), and Illinois Professional Teaching Standards (IPTS). 
Each organization and its contribution to teacher education are described in detail in 
the following sections.
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NCATE is a non-profit organization recognized by the U.S. Department of 
Education as the professional accrediting body for teacher education in colleges and 
universities. NCATE established accreditation standards and holds accredited 
colleges and universities responsible for maintaining them. The professional 
education standards for accreditation, called unit standards, are delineated below 
(NCATE, 2006):
• Standard 1: Candidate knowledge, skills, dispositions
• Standard 2: Assessment system and unit evaluation
• Standard 3: Field experiences and clinical practice
• Standard 4: Diversity
• Standard 5: Faculty qualifications, performance, and development
• Standard 6: Unit governance and resources. (NCATE, 2006)
These standards homogenize expectations of teacher preparation programs. 
According to Darling-Hammond (2000), “The accreditation process is meant to 
ensure that all preparation programs provide a reasonably common body of 
knowledge and structured training experiences that are comprehensive and current” 
(The Argument for Professional Teaching Standards section, 3). Despite the 
NCATE standards and the pursuit of professional development that enhances 
student achievement, Darling-Hammond (2000) indicates the inconsistency of the 
educational field in comparison to other professions. Wise (1997) concurs with the 
information presented by Darling-Hammond (2000) by indicating that only two- 
thirds o f new teachers receive degrees from accredited programs. For this number
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to increase, policymakers must make it imperative for institutions to follow and 
comply with national organizations.
In addition to providing standards, NCATE conducts research in teacher 
education. A 2005 study found that teacher effectiveness can be increased by 
improving teacher preparation. Furthermore, prospective teachers need more 
content-specific pedagogy rather than subject-matter knowledge (National Center 
for Education Statistics, 1999). This indicates that an increase in teacher PCK 
augments teacher effectiveness and ultimately student learning.
Other research projects directed by NCATE include comparing teachers 
from the U.S. to those o f other countries (particularly countries scoring as well as or 
better than American students on the Third International Mathematics and Science 
Study) and comparing literacy rates of teachers to general adults in the U.S. 
population. NCATE found that other countries have more rigorous entry 
requirements into teacher education programs than the U.S. and that teachers 
outscored the general adult population on literacy tests respectively (U.S.
Department o f Education, 2005). No studies were specific to elementary science 
education. The next section discusses the Association for Childhood Educational 
International which supports education worldwide.
Association for Childhood Education International
The Association for Childhood Educational International (ACEI) is the 
oldest professional teacher association, founded in 1892. The purpose o f ACEI is to
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“promote and support in the global community the optimal education and 
development o f children, from birth through early adolescence, and to influence the 
professional growth of educators and the efforts of others who are committed to the 
needs o f children in a changing society” (ACEI, 2002b). The ACEI developed 
elementary education standards. The standards involve development, learning, 
motivation, curriculum, instruction, assessment, and professionalism. Content is 
incorporated into the second standard o f curriculum. Each discipline is further 
differentiated in the standard. For the purpose o f this study, the science standards 
are discussed. The seven components within the elementary science standard 
explain what knowledge teacher candidates should have. These include:
•  inquiry processes scientists use in the discovery o f new knowledge
•  fundamental concepts in the subject matter o f physical, life, earth and
space sciences
•  concepts in science and technology
•  concepts of science in personal and social perspectives
•  history and nature o f science
•  unifying concepts of science
•  fundamental concepts in the subject matter o f science and the inquiry 
processes scientists use in the discovery of new knowledge to build a 
base for scientific and technological literacy. (ACEI, 2002a, Elements of 
Standard section)
The science subject matter elementary teachers need to understand include physical, 
life, and earth and space sciences. The next important teacher organization is the 
National Board for Professional Teachers Standards.
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National Board for Professional Teachers Standards
The Dwight D. Eisenhower Math and Science Education Act began as a 
federally funded initiative under a reauthorization o f ESEA in 1988 to improve math 
and science education. In 1994 as part of Improving America’s Schools Act, the 
Dwight D. Eisenhower Math and Science Education Act became the Eisenhower 
Professional Development Program. The agenda of the Eisenhower Professional 
Development Program (EPDP) changed from providing grants for professional 
development in only math and science to awarding money for all academic subject 
areas. The NBPTS was developed through a grant by EPDP (largest grant awarded) 
(Phillips & Kanstoroom, 1999). The NBPTS delineates five core propositions:
1. Teachers are committed to students and their learning.
2. Teachers know the subjects they teach and how to teach those subjects to 
students.
3. Teachers are responsible for managing and monitoring student learning.
4. Teachers think systematically about their practice and learn from 
experience.
5. Teachers are members o f learning communities. (National Board for 
Professional Teaching Standards, 2004)
These core propositions are essential for practicing teachers in order to maintain
rigor within the teaching field.
In addition to the core propositions, NBPTS offers certificates in a variety of 
fields. Certificates are differentiated by student development (age) and subject. For 
the purpose o f this study, the NBPTS certification for early and middle childhood 
generalists (elementary education) is further analyzed.
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Early childhood/generalist certification exists for teachers who teach ages 3- 
8. The nine standards for NBPTS certification in early childhood/generalist include:
1. Understanding young children
2. Equity, fairness, and diversity
3. Assessment
4. Promoting child development and learning
5. Knowledge o f integrated curriculum
6. Multiple teaching strategies for meaningful learning
7. Family and community partnerships
8. Professional partnerships
9. Reflective practice. (NBPTS, 2006a, pp. 5-6)
Understanding young children involves knowing child development theories and 
strategies as well as recognizing children’s individual qualities and needs. The 
equity, fairness, and diversity standard entails modeling and encouraging children to 
treat others equally and fairly. Teachers must also be adept at recognizing the need 
for using multiple assessment methodologies in the classroom. The fourth standard 
o f promoting child development and learning involves using various strategies to 
enhance a child’s cognitive, social, emotional, physical, and linguistic development. 
The next standard is knowledge o f integrated curriculum. This standard relies on 
creating appropriate experiences in the classroom that integrate disciplines.
Standard six is multiple teaching strategies for meaningful learning. This standard 
incorporates using a variety o f teaching strategies in order to enhance student 
learning. The next standard, family and community partnerships, consist o f 
developing positive relationships between teachers, schools, families, and 
communities. Professional partnerships rely on relationships between schools and 
the professional community in order to enhance educational programs. The last
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standard o f reflective practice allows teachers to reflect on their practice to facilitate 
their development as professionals.
Middle childhood standards exist for teachers who teach students ages 7-12. 
There are eleven standards under this certification:
1. Knowledge of students
2. Knowledge o f content and curriculum
3. Learning environment
4. Respect for diversity
5. Instructional resources
6. Meaningful applications o f knowledge




11. Contributions to the profession. (NBPTS, 2006b, pp. 5-6)
The standard knowledge of students describes how teachers must be informed about 
child development to facilitate learning. Knowledge o f content and curriculum is 
important for teachers in order to make good decisions about what students should 
learn. The next standard of the learning environment describes how the classroom 
must be a safe, collaborative place that assists in student learning. Respect for 
diversity involves students having respect for each other. The standard entitled 
instructional resources entails teachers being able to obtain and use a variety of 
resources to support student learning. Meaningful applications of knowledge 
incorporates the importance o f merging content with real-world issues. Multiple 
paths to knowledge allows students to learn information in numerous ways in order 
to build interconnections between subjects and general knowledge. The assessment 
standard relies on teachers knowing various assessment techniques, including ways
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to encourage students to examine their own learning. The family involvement 
standard involves developing positive relationships between family and school. 
Reflection allows teachers to improve upon their teaching ability through careful 
examination o f their practice. The last standard o f contributions to the profession 
requires teachers to work with each other in order to add to the knowledge and 
profession of education. The next section explains the role o f Illinois Professional 
Teaching Standards in teacher education.
Illinois Professional Teaching Standards
The Interstate New Teacher Assessment and Support Consortium (INTASC) 
serves a body dedicated to teacher preparation reform. Influenced by INTASC, the 
Illinois State Board o f Education (2003) developed teaching standards that provide 
the following information:
• Framework for improvement o f teaching and learning
• Foundation for the design of educator preparation programs at 
colleges and universities
• Criteria for the approval of preparation programs at colleges and 
universities
• Basis for state certification tests
• Guidelines for the induction of novice teachers
• Foundation for ongoing professional development. (ISBE, 2003,1
3)
In conjunction with national organizations, Illinois has aligned teacher 
education curricula with standards. Course requirements for certification have been 
replaced with “rigorous” core certification standards. Due to deficiencies in 
standardized test scores, Illinois policy makers stress language arts, technology, and
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special education. Illinois has adopted a three-tier certification program 
distinguishing among beginning, experienced, and master teachers (again based on 
NBPTS). The three levels are based on the new tenure system that requires four 
years o f teaching to attain standard certification. All tenured teachers are mandated 
to participate in continuing their professional development through classes, 
committees, and school involvement. Teachers must show these continuing 
professional development units (CPDUs) in order to renew a teaching certificate. 
This system correlates with the standards for teacher education programs developed 
by NCATE (NCATE, 2005). The Illinois Professional Teaching Standards (DPTS) 
parallel the Illinois Content Standards and are delineated in the next section.
Illinois Content Standards for Elementary Education
There are 17 Illinois Content Standards for Elementary Education that 
include each curriculum content area, human development and learning, diversity, 
planning for instruction, learning environment, instructional delivery, 
communication, assessment, collaborative relationships, reflection and professional 
growth, and professional conduct and leadership. For the purpose o f this study, only 
the content standards for science are presented. There are seven knowledge and 
performance indicators elementary teachers in the area o f science must possess.
The competent elementary teacher:
•  Understands the interrelationships among science, technology, and 
society in historical and contemporary contexts
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•  Understands the fundamental concepts, principles, and interconnections 
o f life, physical, environmental, earth, and space sciences and their use 
to interpret, analyze, and explain phenomena
•  Understands principles and procedures, including safety practices, 
related to the design and implementation o f scientific investigations and 
the application o f inquiry skills and processes to develop explanations of 
natural phenomena
•  Understands the use o f scientific investigation and inquiry skills across 
the sciences to conduct experiments and solve problems
•  Demonstrates and communicates the concepts, theories, and practices of 
science
•  Demonstrates and uses strategies to engage students in acquiring new 
knowledge through the use o f scientific thinking and reasoning
•  Selects and uses a wide range of instructional resources and technologies 
to support scientific learning. (ISBE, 2001, Standard section 4)
These standards regulate how elementary teachers become certified in Illinois.
Since all elementary teachers need to be versed in the various content areas, each
teacher must be proficient in the science content standards listed above. The next
section concludes the information presented on teacher organizations and
accreditations bodies.
Illinois Program Accreditation Approval Process
In Illinois, elementary education teacher programs must be accredited via the 
ISBE under the Specialized Accrediting Organization (SAO) o f ACEI (ISBE, 2006). 
In addition, teacher preparation programs must demonstrate that teachers meet 
Illinois Content Standards for Elementary Education. To be certified in Illinois in 
elementary education, teachers must also take three types of tests. These tests 
include a basics skills test, a content test, and an assessment o f professional teaching 
(APT) test. The basics skills and content tests assess general knowledge and
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standards discussed within the section on Illinois Content Standards for Elementary 
Education. The APT test assesses teacher candidates on the IPTS standards along 
with language arts and technology standards mandated by the state for licensing 
(ISBE, 2005). The next section summarizes the information discussed within the 
Teacher Organization and Accreditation Bodies section of this chapter.
Synthesis of Teacher Preparation
National and state organizations and accreditation bodies guide policies and 
standards used within education. National organizations and accreditation bodies 
such as NCATE, ACEI, and NBPTS have developed frameworks that provide 
educators with strategies and procedures for teaching. Teaching standards like IPTS 
correspond with the national organizations to devise content standards (such as the 
Illinois Content Standards for Elementary Education). Some o f these organizations 
also provide federal or state money to fund projects that employ the strategies and 
standards recommended. Teacher certification in elementary education requires 
state accreditation through testing (candidates must have knowledge o f IPTS, ACEI, 
and Illinois Content Standards). The next section discusses reform in teacher 
preparation.
Still No Change: Teacher Preparation Stays the Same
Reform in teacher preparation has been a crucial part o f educational reform. 
Following the post-Sputnik educational reform movements in the early 1980s, the
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NSTA conducted studies such as Preservice Preparation o f  Teachers o f  Science at 
Elementary, Middle, and Junior High School Levels to determine problems existing 
in science education. “Case studies of elementary schools revealed that science had 
been de-emphasized, with many teachers ignoring it altogether” (Mechling, 
Stedman, & Donnellan, 1982, p. 9). Science was not being addressed at the 
elementary level in part because teachers felt inadequately prepared in the content 
(Kubota, 1997; Mechling et al., 1982).
The NSTA study on preservice preparation consisted o f questionnaires sent 
to deans of colleges and universities in the United States. The survey was designed 
to discover current practices in teacher preparation in order to help guide NSTA 
standards for teacher preparation and certification. The findings incorporated 
increasing requirements in science, both content and pedagogy, and providing more 
laboratory science courses for elementary teachers. An overwhelming response for 
change in teacher preparation was found, with enhanced science content comprising 
the greatest need (Mechling et ah, 1982). The report concluded with the following 
recommendations:
1. Teacher education institutions should provide science courses designed 
specifically for the preservice elementary teacher.
2. Preservice elementary education majors should complete at least three 
semester hours in each of the following: biological science, physical 
science, and earth science.
3. Teacher education institutions should work cooperatively with local 
school systems to give prospective elementary teachers a chance to 
work with children before their formal student teaching experience.
4. Elementary science methods courses should
a) Survey a variety o f topics and programs
b) Provide ample hands-on activities and experiments appropriate 
for elementary school children
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c) Concentrate on the development o f basic science, accompanied 
by appropriate activities to illustrate these concepts
d) Provide more science activities and lessons geared to primary 
grades
e) Provide class instruction in the step-by-step development o f a 
typical science lesson at various grade levels
5. Faculty members assigned to teach science content and methods 
courses for preservice elementary teachers should have the 
qualifications, experience, and interest to provide high-quality 
instruction. (Mechling et al., 1982, p. 14)
Teacher preparation prior to this point focused on training teachers to 
instruct using research-based strategies. Critics, however, claimed this research 
lacked empirical substance. Early preservice training failed to support theoretical 
and contextual principles found in education. The concentration was on mimicking 
behaviors in the classroom with little concern for professional competence 
(Cochran-Smith, 2004).
The NSTA was influential in making recommendations for science 
education and teacher preparation. Science was found to be a second-tiered subject 
in elementary school, resulting in less educational time spent on instruction. The 
NSTA advocated changing this and how teachers were prepared to teach science.
Following the next reform movement, A Nation at Risk and the reports that 
were generated as a result of this document (discussed in the Impact section of A 
Nation at Risk), researchers and organizations advocated educational reform with a 
focus on content and teacher preparation. Despite the call for changes in higher 
education and teacher preparation, little reform occurred because of a lack of time 
and funding (Robles, 1998). According to Robles (1998), the reform generated after
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the release o f A Nation at Risk drew attention to the problems in education but did
not aid in solving them:
While there are those theorists who acknowledge that there was an increased 
level o f interest and discussion and more attention was paid to issues of 
excellence and accountability, most seem to agree that the 1980s were a 
decade o f much talk and little action and that the long-term impact in terms 
o f measurable change ranged from sporadic to negligible, (p. 27)
The next wave o f reform initiated by the Goals 2000 and IAS A legislation
began what is currently known as standards reform. The previous section
highlighted teacher organizations and how they incorporated standards into teacher
preparation programs. According to Ruskus, Matson, and Perakis (2001), teacher
preparation reform was essential to K-12 reform during this time period. The NSF
recognized the importance o f teacher preparation reform and accordingly developed
the Collaboratives for Excellence in Teacher Preparation (CETP) program. CETP
sponsors the development o f preK-12 teachers in subject-matter content, discipline
strategies, instructional strategies (particularly integrating math, science, and
technology into the classroom), and implementation o f national standards (NSF,
1999). This program awards money to states and districts able to promote system
change in all aspects o f teacher preparation. This includes “recruitment, instruction
in content, pedagogy, classroom management, early field experiences, credentialing,
and induction and support o f novice teachers” 12).
The Bayer Corporation conducted a survey in 2004 entitled Are the N ation’s
Colleges and Universities Adequately Preparing Elementary School Teachers o f
Tomorrow to Teach Science as part o f their Making Science Make Sense initiative.
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Bayer Corporation has conducted similar surveys in the last decade investigating
science education. According to their website, “The goal [of Making Science Make
Sense] is not to create new scientists, but to reawaken the one that's already alive in
every one o f us” (Bayer, 2003, About Making Science Make Sense). A 2003 Bayer
Corporation survey reports that elementary teachers are not prepared to teach
science. These findings include feelings o f inadequacy from elementary teachers
and the general public. The survey found that
... some Americans lack confidence in elementary school teachers' ability to 
teach science as compared to other basic subjects like math, reading and 
writing. Specifically, more than one-quarter (28%) say today's elementary 
school teachers are not qualified to teach science; one half (53%) say they 
are somewhat qualified; however, less than one in 10 (9%) say they are very 
qualified. In an earlier Bayer Facts survey, elementary school teachers 
themselves said science is the subject they feel least qualified to teach. 
(Bayer Corporation, 2003, Improving Education Is the Key section, 3)
For the survey Are the N ation’s Colleges and Universities Adequately
Preparing Elementary School Teachers o f  Tomorrow to Teach Science, researchers
interviewed 250 deans o f colleges and universities and 1,000 elementary teachers
about the preparedness o f elementary teachers to teach science. The key findings
relevant to teacher preparation education in this paper include:
• 56% of deans report little to no confidence that K-5 students are getting a
good science education
• English is the subject most emphasized in elementary school, and 
science the least emphasized
• 53% of teachers believe science should be the fourth R (reading, writing,
arithmetic)
• 77% of deans believe science should be the fourth R
• Deans are less confident than teachers that [teachers] can answer student 
science questions
• 71% of teachers feel somewhat, little, or not at all science literate
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• Deans are more positive than teachers about how their institutions 
provide teacher preparation
• Deans and teachers are less positive in their science preparation than any 
other subject
• Teachers want more emphasis [preservice education] in science than any 
other subject
• Deans and teachers agree that elementary teachers need both method and 
content classes in science
• 62% of deans state their institutions have increased science in their 
elementary education programs in the last 5 years
• 95% of deans and 93% teachers believe inquiry science is most effective 
for teaching science (as opposed to relying only on textbooks). (Bayer 
Corporation, 2004, pp. 4-7)
The Bayer Report clearly shows that both deans and preservice elementary teachers
recognize deficiencies in elementary science teaching preparation. Furthermore,
elementary teachers exhibit feelings o f inadequacy toward science content and
pedagogy.
The preparation o f elementary teachers to teach science is also a critical 
issue addressed in the literature. Research indicates that elementary teachers feel 
unprepared to teach science in elementary school (Bencze & Hodson, 1999; Ginns 
& Watters, 1995; Lumpe, Haney, & Czemiak, 2000; Mundry, Spector, Stiles, & 
Loucks-Horsley, 1999; Nietfeld & Cao, 2003; Palmer, 2001; Schoon & Boone,
1998; Young & Kellogg, 1993). Both Schoon and Boone (1998) and Ginns and 
Watters (1995) found that many elementary teachers’ scientific concepts are 
inaccurate and that these inaccuracies lead to decreased confidence in one’s ability 
to teach science. Research suggests that one way to increase this confidence is to 
change their science experience in college (Ginns & Watters, 1995; Nietfeld & Cao, 
2003; Schoon & Boone, 1998; Young & Kellogg, 1993).
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Wilson, Floden, and Ferrini-Mundy (2001) conducted a comparative study 
o f over 300 research reports on current knowledge, gaps, and recommendations in 
teacher preparation and found five essential characteristics important to teacher 
preparation, including clinical training, teacher preparation policies and strategies, 
alternative certification programs, subject-matter preparation, and pedagogical 
preparation.
The research report’s synthesis indicates that clinical experience (student 
teaching) can greatly affect a teacher’s preparation. And although field experiences 
are often disconnected from the university program, new teachers often view student 
teaching as the most significant element o f their preparation. Few o f the studies 
included in the synthesis focused on teacher preparation policies. Studies suggest 
more research in the area o f certification and state and national accreditation 
policies. Additionally, Wilson et ah, (2001) recommend increased research on 
accountability systems and collaborative partnerships between K-12 schools and 
schools o f higher education. Research in alternative certification programs suggest 
that some programs are successful in preparing a diverse group of teachers due to 
their high standards. The studies on this topic also indicate that subject-matter 
knowledge alone does not effectively prepare teachers. Studies on subject-matter 
preparation show a positive connection between teacher performance and enhanced 
subject-matter preparation (Wilson et ah, 2001). It was found that quality of 
preparation, not quantity, made a difference in teacher preparation. Research also 
indicates, however, a change in how teachers are prepared to teach subject matter
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may be needed. Studies that focus on pedagogical preparation found that teaching 
pedagogy positively affects teaching and student achievement. This research, 
however, is unclear about which aspects o f pedagogical preparation are critical since 
the studies use teaching credentials as indicators o f pedagogical knowledge (which 
has been found to be an incompetent measure).
Suh and Fore (2002) report, “The influence of teachers is the single most 
important factor in determining student achievement, even more so than 
socioeconomic status” (p. 2). The NCTAF report What Matters Most and the 2003 
follow-up report No Dream Denied: A Pledge to America’s Children also declare 
teachers to be essential elements in education and campaign for change in teacher 
preparation. In order to help enhance teacher knowledge and the preparation 
experience, Young and Kellogg (1993) advocate a paradigm shift in higher 
education. This shift should incorporate interdisciplinary laboratory-based science 
courses aimed at boosting science content knowledge. Findings by Schoon and 
Boone (1998) and Ginns and Watters (1995) concur with Young and Kellogg in that 
traditional college science courses are not designed to foster the pedagogy needed 
for elementary teachers to teach science effectively. In addition to a paradigm shift 
in preservice science instruction, research promotes the need for teachers to guide 
their own learning and development (Bencze & Hodson, 1999). An increase in self- 
confidence is found within preservice and beginning teachers who take an active 
role (e.g., participation in discussion groups, peer collaboration) in their learning 
(Nietfeld & Cao, 2003).
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A common theme among preservice education research is the lack of 
pedagogy for elementary teachers in science. Due to feeling ill-equipped to teach 
science, “many [elementary teachers] remain unconvinced of the value o f teaching 
and learning science at this level” (Bencze & Hodson, 1999, p. 524) and as a result 
tend to spend little time, if  any, on science in their curriculum (Bencze & Hodson, 
1999; Schoon & Boone, 1998; Tilgner, 1990; Weiss, 1994). Additionally, a report 
by the U.S. Department o f Education (1998) on changing teaching preparation finds 
that math and reading instruction receive more attention in higher education than 
science and social studies. Changes in preservice education need to occur in order 
to enhance teacher pedagogy. Furthermore, “teachers are the change agents in 
educational reform” (Lumpe, Haney, & Czemiak, 2000, p. 288) and this change can 
only occur by promoting a paradigm shift in teacher preparation. The need for 
changes in teacher content and pedagogy are further highlighted in the next section.
The Construct of Pedagogical Content Knowledge
Pedagogical content knowledge (PCK) is an evolving theoretical model that 
incorporates the content and strategies used by teachers to facilitate learning 
(Shulman, 1987). Research conducted by Darling-Hammond and Young (2002), 
claim five essential teacher qualification ingredients to increase student 
achievement. These include a teacher’s general academic ability, content 
knowledge, teaching knowledge and preparation experiences, teaching experience, 
and teacher certification skills. Teachers must be knowledgeable about a variety of
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general topics to connect subject and meaning for students. Shulman (1987) 
differentiates seven categories of the knowledge base:
• Content knowledge
• General pedagogical knowledge, with special reference to those broad 
principles and strategies o f classroom management and organization that 
appear to transcend subject matter
• Curriculum knowledge, with particular grasp of the materials and 
programs that serve as “tools o f the trade” for teachers
• Pedagogical content knowledge, the special amalgam of content and 
pedagogy that is uniquely the province of teachers, their own special 
form of professional understanding
• Knowledge o f learners and their characteristics
• Knowledge o f educational contexts, ranging from the workings of the 
group or classroom, the governance and financing o f school districts, to 
the character o f communities and cultures
• Knowledge o f educational ends, purposes, and values, and their 
philosophical and historical grounds. (Shulman, 1987, p. 8)
Furthermore, Shulman identifies PCK as a critical area o f knowledge 
because “it represents the blending of content and pedagogy into an understanding 
of how particular topics, problems, or issues are organized, represented, and adapted 
to the diverse interests and abilities o f learners, and presented for instruction” 
(Shulman, 1987, p. 8). PCK integrates content and pedagogy by encompassing 
strategies to increase student understanding, teacher and environmental/classroom 
organization, differentiation, and critical thinking skills (Shulman, 1987). PCK 
includes knowledge of subject matter, pedagogy, students, and environmental 
contexts (Cochran, DeRuiter, & King, 1993). Darling-Hammond (1998) 
emphasizes the importance o f PCK by stating that quality teachers are able to 
connect ideas across fields and contexts as well as link them to the everyday life of 
students. In order to do this, teachers must know the content and their students.
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The construct o f PCK suggests it is developed within teacher education programs 
when practice and knowledge are integrated in classrooms (Darling-Hammond, 
1998). Connecting knowledge with practice is also linked with a preservice 
teacher’s field experience.
In 2000, Loughran, Gunstone, Berry, Milroy, and Mulhall reported that a 
study on teacher effectiveness attempted “to uncover PCK and to create 
representations that portrayed it to other teachers” (p. 17). The authors find that 
“the literature has demonstrated that PCK has certainly been well accepted by the 
academic community as a useful construct but convincing concrete examples of 
PCK are difficult to find” (p. 35). Although specific examples o f PCK are difficult 
to recognize within teaching science, elements that influence a teacher’s PCK 
consist o f the following:
a. Views o f learning
b. Views of teaching
c. Understanding content—how that understanding has developed
and changed
d. Knowledge and practice o f children’s science/alternative
conceptions
e. Time—teaching time/length o f unit/unit of work
f. Context— school, classroom, year level
g- Understanding of students




1. Explicit vs. tacit elements o f knowledge o f practice/beliefs/ideas.
(p. 8)
The lack o f research concerning the PCK construct suggests researchers and 
teachers know little about this model. Gess-Newsome and Lederman (1999),
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editors o f the book Examining Pedagogical Content Knowledge, summarize 
research and theories concerning PCK. It is evident from the twelve authors 
reported in this book that PCK is a difficult concept to dissect: “Within this volume, 
most authors agree that the PCK construct has fuzzy boundaries, demanding unusual 
and ephemeral clarity on the part o f the researcher to assign knowledge to PCK or 
one of its related constructs” (p. 10). In addition, the heuristic value o f a theoretical 
model lies in its ability to provide explanations for similar data or findings. This 
cannot be done using PCK as a theoretical model. The construct of PCK proposes 
that teachers must develop both their content knowledge and pedagogical 
knowledge in order to teach. However, research illustrating examples of this 
occurring do not exist.
Morine-Dershimer and Kent (1999) provide a visual (Figure 1) representing 
the components important to the construct of PCK. Figure 1 demonstrates how 
PCK is the convergence o f pedagogical knowledge, content knowledge, knowledge 
o f learners and learning, curriculum knowledge, knowledge o f contexts (both 
specific to the situation and that of general education), and knowledge of 
assessment, procedures, goals, values, and purposes of education. The authors 
contend that each category can be further delineated with specific details on that 
category.
The general construct o f PCK involves the knowledge and skills teachers 
develop that aid them in teaching. Despite understanding this universal theory, 
identifying PCK in research or practice remains difficult. According to Gess-
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Newsome and Lederman (1999), the authors reviewed in the book did not agree on 
how to recognize PCK nor if  it serves as a transformative model (PCK is the only 
form of knowledge that influences teaching), an integrated model (teaching is the 
result o f the junction of subject matter, pedagogy, and context; PCK does not exist), 

















o f Specific 
Contexts
Assessment, 
Procedures, Evaluation of 
Outcomes
Educational Ends, Goals, 
Purposes, and Values
Figure 1. Categories Contributing to PCK (Morine-Dershimer & Kent, 1999).
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Evident among the work by Gess-Newsome and Lederman is the importance 
o f enhancing teacher preparation programs. The concept of PCK implies that high 
teacher PCK (consequence o f appropriately developed teacher preparation 
programs) results in greater student understanding. However, according to the 
Third International Mathematics and Science Study (TIMSS), American students 
are falling behind other countries in respect to science education. The Bayer Report 
(2003) helps illuminate why elementary students are “behind” in science by 
focusing on teacher preparation. Shulman states in an interview that “some of the 
worst teaching any of us has experienced took place in college and university 
classrooms” (Sparks, 1992, p. 16). Moreover, Shulman believes in order to rectify 
the quality o f education involved in teacher education programs, universities and 
colleges must comply with higher standards and regulations (Sparks, 1992). 
National, state, and district standards support quality teacher preservice and in- 
service education. Sandholtz and Wasserman (2001) view teacher preparation as 
part of a process and not a magic bullet for increasing teacher self-efficacy and 
student achievement. “Teacher preparation programs don’t eliminate the problems, 
but they can be structured in ways that provide added experience, support, and 
guidance in dealing with common concerns” (Sandholtz & Wasserman, 2001, p.60).
Components o f high-quality teacher preparation programs include 
developing the preservice teacher’s PCK as well as giving the individual widespread 
experiences within schools. The PCK paradigm suggests there is a link between 
teacher science PCK and confidence to teach science. This led to the conclusion
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that preservice teachers who are more prepared and more experienced in the 
classroom will ultimately have more confidence than others who are not prepared. 
Furthermore, enhanced teacher self-confidence leads to increased student 
achievement. The next section discusses the role o f teacher self-confidence has in 
developing a teacher’s PCK.
Can I Do This?
Self-efficacy, first proposed by Bandura (1994), refers to “people's beliefs
about their capabilities to produce designated levels o f performance that exercise
influence over events that affect their lives” (p.71).
It is therefore important that one of the main aims o f the preservice training 
o f elementary teachers should be to cultivate a more positive self-efficacy by 
developing their confidence to teach science effectively. The next step is to 
address the question o f how to improve their confidence. (Palmer, 2001, p. 
123)
One result o f feeling unprepared is having low confidence or low self-efficacy in 
one’s teaching ability.
Instructional efficacy is specific to education and focuses on “one’s 
capabilities to help students learn” (Schunk, 2000, p. 115). According to Schunk 
(2000), instructional efficacy influences how and what strategies a teacher uses to 
instruct. “Teachers with higher efficacy are more apt to develop challenging 
activities, help students succeed, and persevere with students who have problems” 
(Schunk, 2000, p. 115). Maloch, Fine, and Flint (2002) report, based on the findings 
o f the National Commission for Excellence in Elementary Teacher Preparation for 
Reading Instruction, themes o f importance identified among preservice teachers.
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These themes include “instructional decision making, negotiations, self-efficacy, 
reflection, and communities” (Maloch, Fine, & Flint, 2002, p. 349). Minor, 
Onwuegbuzie, and Witcher (2002) concluded similar findings as Maloch et al.
(2002) when they studied preservice educational beliefs about effective teachers. 
Minor et al. (2002) established themes common to preservice teachers with self- 
efficacy embedded in many of the themes. The themes identified by preservice 
teachers as characteristics o f effective teachers include “student centered, effective 
classroom and behavior manager, competent instructor, ethical, enthusiastic about 
teaching, knowledgeable about subject, and professional” (Minor et al., 2002, 
Discussion section, Tf 1).
Self-efficacy was a crucial part of the preservice teachers’ ideas of teaching. 
Studies have found a positive correlation between high teacher self-efficacy and 
student achievement (Plourde, 2002; Warren, 2002). Warren (2002) conducted a 
study to determine how teacher efficacy affected the performance of children in 
poor urban schools. The researcher found there was a correlation between high 
teacher self-efficacy (and efficacy of their students) with high student achievement. 
Conversely, teachers with low self-efficacy and low student efficacy is associated 
with greater numbers o f “unsuccessful” students (Warren, 2002).
Elementary teachers experiencing low self-efficacy in science teaching 
spend less time on science (Schoon & Boone, 1998) and rely heavily on textbooks 
and worksheets rather than hands-on inquiry (Bencze & Hodson, 1999). Low 
science self-efficacy produces anxiety within elementary teachers. According to
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work by Lumpe, Haney, and Czemiak (2000), low self-efficacy results in 
elementary teachers spending less time on science content and skills with an 
extreme reliance on the textbook and curriculum guides rather than exploratory 
techniques. Stevens and Wenner (1996) concur with these ideas, stating that 
teachers tend to perform tasks or teach material in which they have more 
confidence. The research above corresponds with the notion that elementary 
teachers who have low self-efficacy in teaching science tend to avoid teaching the 
subject.
In general, teacher self- and instructional efficacy have been correlated to 
student achievement (Schunk, 2000). Teachers with high self-efficacy believe they 
can effectively instruct students and those students can learn. Student achievement 
is augmented by high teacher self-efficacy. On the other hand, low teacher self- 
efficacy can lead to low student achievement. The association between self-efficacy 
and student achievement has guided researchers to study how to increase teacher 
self- efficacy. The first step in this endeavor is to look at where teachers are 
educated and find out what components and standards are present to ensure the 
production of quality educators.
The link between high teacher self-efficacy and PCK is evident. Science 
PCK requires teachers to have knowledge of the content and the pedagogy or 
strategies needed to adequately teach children. If a teacher’s science PCK has been 
developed through their preparation program, the teacher will have more confidence 
in his or her ability to affectively instruct students in science. Table 1 demonstrates
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how PCK (indicators provided by Loughran et al., 2000) is seen within the Program 
Standards for Elementary Teacher Preparation in Science. The program standards 
are a joint effort o f ACEI and NCATE.
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The table indicates that PCK is critical in developing and following national 
standards for preparing elementary teachers to teach science. The next section 
provides a synthesis of this chapter.
Literature Review Summary
NCLB has reignited the quest for educational reform in order to prepare 
American students for the changing technological world. Preparing students 
requires scientific literacy or the ability to understand and apply science concepts to 
problems. The major science education reform movements over the last fifty years 
have been reactive to significant events that have occurred. Education reform was 
mandated following the feeling o f inferiority when the Russians successfully 
launched the first satellite, Sputnik. Congress enacted legislation to strive for 
change in education in the form of the NSF, NASA, NDEA, ESEA, and HEA.
These directives allowed a monetary infusion into the educational system to 
enhance instructional strategies and improve new programs designed to integrate 
science into schools. Additionally, the NSF and NASA were expected to regain 
scientific and technological dominance. When this mission was accomplished in the 
early 1970s, however, educational reform was no longer seen as integral for 
Americans. The success o f walking on the moon seemed to allay Americans’ doubt 
in the educational system.
A Nation at Risk had a similar impact on Americans. The American public 
was told their educational system was subpar and their children were incapable of
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competing in the global economy. New reform movements resulted after this event. 
A second batch o f alphabet soup programs came into existence. Many of these 
programs are still used in schools today. New legislation and initiatives like Project 
2061 were begun following A Nation at Risk. The purpose of Project 2061 was to 
make changes to the nation’s schools that would enable all children to receive an 
education in science, mathematics, and technology. Other reports discussing the 
inadequacy of education and possible reasons why were released following A 
Nation at Risk. Many of these reports focused on the shortfalls in teacher 
preparation. Despite the call for reform at this time, no real changes took place in 
education.
The next reform movement grew out o f the Goals 2000 legislation. This law 
required that states and school districts use content and performance standards. The 
IASA expanded the use o f standards and provided funding for states to mandate the 
changes required in the legislation. Standards-based reform became the approach to 
help students become science literate and improve the educational system. National 
and local organizations devised standards for students, teachers, and institutions in 
hopes o f regulating the education. The next wave o f reform came out o f NCLB. 
Standards are a part o f this legislation with an emphasis on accountability.
NCLB mandates that science testing occur starting in the 2007-2008 school 
year. Elementary teachers, however, are not prepared to effectively teach science. 
Partly due to low self-efficacy in their abilities and partly due to lack o f PCK, 
elementary teachers do not feel qualified to teach science. The most recent reform
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built on NCLB in the form of STEM education. The realization that America may 
not be able to compete with other countries led business leaders, national and state 
organizations, and the government to push for education reform in the STEM areas. 
The feelings o f inadequacy were seen in two similar surveys aimed at looking at 
teacher preparation and preservice educators. The first survey was conducted by the 
NSTA in the early 1980s (prior to the second wave o f educational reform); the 
second survey was performed by the Bayer Corporation in 2004. Both surveys 
reported similar findings despite a 20-year difference and a variety o f reform 
movements between them. Not only has science reform been reactive to situations 
or events occurring in the world, little progress in teacher preparation has resulted 
from these reforms. In order to generate effective reform in teacher preparation, 
there must be a link between school districts and universities. Furthermore, in 
respect to elementary teachers’ ability to teach science, change must occur in 
teacher preparation programs. The next chapter provides the methodology used to 
examine the experiences that help prepare beginning teachers to teach elementary 
science.




Sputnik triggered the beginning o f reform in teacher preparation in science. 
Since that time, however, reform has been reactive rather than proactive. Reform 
movements arose from significant events in history and were tailored to address the 
specific deficiencies identified by the event. The problem addressed in this study is 
that although teacher preparation was important in these movements, little has been 
done to generate long-lasting reform. Additionally, this study examines how 
teachers learn to be effective and develop their science PCK. With current 
legislation (NCLB) mandating science testing in the 2007-2008 school year, teacher 
preparation in science becomes critical.
The purpose o f this study was to examine the quality o f beginning 
elementary teachers’ science preparation. This study aimed at identifying teachers’ 
science PCK and how it evolved during their preparation programs, exploring how 
confident teachers feel to teach science, and what factors led to this level o f 
confidence. Furthermore, the study examined what steps need to be taken to 
increase confidence and ability (PCK) in teaching science. This chapter describes 
the methodology of the study. The following sections in this chapter include the
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research questions, research design, data collection strategies, participants, and data 
analysis techniques used in the study.
Research Questions
Examining the quality of teacher preparation o f beginning teachers is 
accomplished via the following research questions:
• What, how, and why have the experiences in teacher preparation 
programs helped elementary teachers feel prepared to teach science?
a) Pedagogical experiences?
b) Content experiences?
c) Convergence of pedagogy and content (PCK)?
• What, how, and why have the experiences outside o f teacher preparation 
programs helped elementary teachers feel prepared to teach science?
Research Design
For the purpose of this study, a qualitative design leading to a case and 
policy analysis was used. Patton (2002) describes six guiding questions for 
deciding on methods in a study. The six questions are:
1. What are the purposes of the inquiry?
2. Who are the primary audiences for the findings?
3. What questions will guide the inquiry?
4. What data will answer or illuminate the inquiry questions?
5. What resources are available to support the inquiry?
6. What criteria will be used to judge the quality of the findings? (p. 13)
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The purpose o f this inquiry was to determine what factors shape beginning 
elementary teachers’ science PCK. According to Merriam (1998), “Understanding 
the case in its totality, as well as the intensive, holistic description and analysis 
characteristic o f a case study, mandates both breadth and depth of data collection”
(p. 134). Breadth and depth are possible using a qualitative design. The primary 
audiences for the findings o f this research include beginning elementary teachers, 
university teacher preparation programs, school districts, students, and society. The 
research questions associated with this study are “how”- and “why”- type questions 
that are best answered utilizing an in-depth qualitative approach. The next guiding 
question Patton describes is that o f the findings, or data. In this study, focus groups 
were used to gather appropriate data. Resources available in this study include time 
and peer debriefing. Criteria used in this study include credibility, transferability, 
dependability, and confirmability. All of these guiding questions are answered 
through a constructivist or qualitative approach. Hatch (2002) recognizes qualities 
that characterize a study as qualitative. He suggests looking at whether the research 
setting is natural, the participants’ perspectives are desired, and the researcher is the 
primary data-gathering instrument.
In addition to these, other characteristics that lend themselves to a 
constructivist paradigm include keeping the social context intact (not dissecting and 
isolating variables), relying on subjectivity, using inductive data analysis (moving 
from specific to general), amount of reflexivity (researcher self-monitoring and 
reflecting on experiences in order to better connect with participants), and allowing
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the study to have an emergent design (evolve as the study progresses) (Hatch,
2002). This study utilized a natural setting (school district) and answers research 
questions rooted in how beginning teachers perceive their effectiveness based on 
their unique experiences. I am also an instrument used for gathering data via focus 
groups and through personal reflections from notes and memos taken before and 
during this study. A qualitative design was chosen for this study in order to gain 
insight into a phenomenon critical to elementary teachers. Furthermore, the 
assumptions and criteria listed above fit the design model chosen for this study.
This study utilizes a case study as a qualitative method. Case studies are further 
described in the next section.
Case Study
Choosing an appropriate research strategy requires a researcher to analyze 
three conditions: “(a) the type of research question posed, (b) the extent of control 
an investigator has over actual behavioral events, and (c) the degree of focus on 
contemporary as opposed to historical events” (Yin, 2003, p. 5). Case studies 
answer “how” and “why” research questions that are focused on current events. A 
case study was chosen for this research because o f the nature o f the research 
questions (how and why), the lack o f external control I have over teacher 
preparation programs, and the focus on current problems in education.
Case studies serve to obtain detailed information about a phenomenon. 
Strengths o f case studies rely on the rich holistic data that comes from this type of
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study (Merriam, 1998). Additionally, case studies are appropriate for the 
educational field because “educational processes, problems, and programs can be 
examined [through a case study] to bring about understanding that in turn can affect 
and perhaps even improve practice” (Merriam, 1998, p. 41). The bounded case for 
this study is described in the section entitled Participants and Context of Case Study. 
The next section describes the data collection strategies employed in this study.
Data Collection
“Data collection is the vehicle through which researchers answer their 
research questions and defend their conclusions and recommendations based on the 
findings from the research” (Mertens, 2005, p. 343). The data collection strategies 
that correspond to qualitative research and best fit the research questions o f this 
study include group interviews or focus groups and document analysis review.
Each strategy is further discussed in the following sections.
Focus Groups
“Focus group is the label given to a special type o f group interview that is 
structured to gather detailed opinions and knowledge about a particular topic from 
selected participants” (Bader & Rossi, 2002, p. 2). Morgan (1997) defines focus 
groups as “a research technique that collects data through group interaction on a 
topic determined by the researcher” (p. 6). In addition, Morgan states, “The 
comparative advantage of focus groups as an interview technique [compared to
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individual interviews] lies in their ability to observe interaction on a topic” (p. 10). 
Krueger and Casey (2000) describe eight reasons to use focus groups in research. 
These include:
• looking for the range o f ideas or feelings that people have about 
something
• trying to understand differences in perspectives between groups or 
categories of people
• to uncover factors that influence opinions, behavior, or motivation
• ideas to emerge from the group
• to pilot test ideas, materials, plans, or policies
• information to design a large-scale, quantitative study
• information to help shed light on quantitative data already collected
• capturing the comments or language used by the target audience, (p. 24)
Furthermore, Krueger and Casey (2000) describe characteristics typically 
associated with focus groups. Focus groups usually involve groups of five to ten 
people who share similar characteristics being studied. However, these authors 
promote smaller groups o f four or five in order to allow participants time and 
opportunity to share their ideas. Morgan (1997) promotes the use of six to ten 
people in a focus group. This author, however, provides a rationale about using 
more or less people in a group. He states that focus groups with fewer than six to 
ten people are needed when
• participants have a high level of involvement with the topic
• participants are emotionally caught up in the topic
• participants are experts or know a lot about the topic
• topic is controversial
• topic is complex
• goal is to hear detailed stories and personal accounts
• recruitment factors limit other options, (p. 73)
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Many o f the criteria listed above are evident in this study and as a result groups of 
three to six participants were used in each focus group.
Focus groups provide qualitative data necessary for the research. In order 
for the researcher to compare and contrast the data from a focus group, Krueger and 
Casey (2000) and Morgan (1997) advocate at least three separate groups. Morgan 
(1997) supports the use o f three to five focus groups. One guideline in choosing the 
number o f focus groups is that enough groups are conducted that the researcher 
achieves saturation. Saturation involves the researcher receiving the same 
information without obtaining new ideas. Morgan (1997) suggests more than three 
to five focus groups be used when the issue is complex or there continues to be a 
diverse range o f findings revealed from each group. Furthermore, “having more 
groups also yields insights into the sources and comparisons across groups” (p. 79). 
For the purpose of this study, 170 elementary teachers from eight buildings were 
eligible to participate in focus groups (held an elementary teaching certificate from 
Illinois in which they were qualified to teach science). A tiered system was used in 
this research. The first tier consisted o f beginning or nontenured teachers. Three 
focus groups were conducted with beginning teachers. The second tier consisted of 
veteran or tenured teachers. Two focus groups were conducted with this population. 
The last phase o f the focus groups involved member checks. Each teacher was sent 
summaries o f the focus group for verification. The specific information about each 
focus group conducted is presented in the section entitled Participants.
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Focus groups represent a blending between participant observation and 
interview strategies. As such, the strengths and weaknesses o f focus groups are a 
combination o f the positive and negative characteristics o f each of these collection 
strategies. And although “focus groups are not as strong as either o f them is within 
their specialized domain” (Morgan, 1997, p. 16), neither do they have the same 
degree o f limitations as either method alone. Focus groups “operate across 
traditional boundaries” (p. 16) and allow the researcher more flexibility.
There are distinct strengths and limitations associated with focus groups. A 
strength o f utilizing focus groups is that they are driven by researcher interest. This, 
however, can also be a limitation since the researcher creates the group and 
influences it by directing the discussion. The interaction between members is 
another strength of focus groups. Again, however, this is a limitation only if  
members are not willing to speak feely in a group. Morgan (1997) reports that if  
members are likely to be influenced by others in the group and accurate data is not 
likely to be gathered, focus groups should not be used.
Focus groups are more appropriate for this study than individual interviews 
because the nature of the topics being addressed. Focus groups, unlike individual 
interviews, allow the participants to take a more active role in the process. Rather 
than being only researcher directed, focus groups enable the discussion to flow 
naturally. This in turn provides data that may not have been previously conceived 
by the researcher (Krueger & Casey, 2000). Additionally, focus groups may 
provide a less stressful environment where participants are free to share comments
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when the attention is not solely aimed at them. This study aims at discovering how 
and why teacher preparation programs prepare elementary teachers to teach science. 
A rich discussion where participants feel comfortable to share their views is the 
environment most likely to obtain answers to the “how” and “why” questions this 
study proposes. Thus, focus groups are more desirable in this study than other 
forms o f qualitative research.
Prior to the start of the group discussion in the focus group, a descriptive 
survey was given out to teachers. The survey served the purpose o f obtaining 
general data used to describe participants in this study. Additionally, the survey 
allowed teachers time to think about their college preparation, thus allowing a fluid 
discussion regarding past science experiences and content. Document analysis is 
another method of data collection. This method is discussed in the next section.
Document Analysis
Document analysis examines the anecdotal records of an organization. 
“Documents and records include not only the typical paper products, such as 
memos, reports, and plans, but also computer files, tapes (audio and video), and 
other artifacts” (Mertens, 2005, p. 324). Merriam (1998) discusses three major 
types of documents: public records, personal documents, and physical material. For 
the purpose o f this study, document analysis refers to the physical material provided 
by districts to aid in teaching science in the classroom.
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In the early 1990s, the district chose to change their previously textbook- 
based curriculum. District personnel were unable to locate a kit on curriculum that 
embodied what they envisioned, which led to the development o f district-made kits. 
A philosophy was developed for their science curriculum. This philosophy 
incorporated a hands-on approach that actively engaged students in learning. The 
district developed kits from kindergarten to fifth grade that were equipped with all 
content, strategies, background knowledge, experiments, consumable materials, and 
ancillary resources needed to teach science. The kits ranged in topics that included 
earth and space science, life science, or physical science (see Appendix G for a list 
of kit topics in each grade level). Kits were developed and continue to be revised by 
classroom teachers. Today there are three or four different kits per grade level.
Kits are packed in large plastic tubs that contain all necessary items needed 
for the teacher to teach the material. Binders of specific lessons and standards are 
given to teachers within the kits (recently the district has made the information from 
the binders available online via district intranet). Teachers are expected to follow 
required lesson plans within the time frame provided by the kit. Kits are rotated into 
the schools and grades (teachers must teach that topic while they have the kit). Kits 
are housed at the high school within the district where a director oversees the 
replenishment and distribution of the kits. Five kits are further analyzed in Chapter 
4 of the study.
Document analysis can be quite useful in qualitative studies. It can “ground 
an investigation in the context of the problem being investigated” (Merriam, 1998,
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p. 126). Additionally, this type of collection strategy is more objective than other 
forms of research. This is due to the fact that the documents under study are not 
altered by the researcher’s perception or bias. Last, “because they exist 
independently o f a research agenda, they are nonreactive, that is, unaffected by the 
research process” (Merriam, p. 126). This nonreactive property of document 
reviews allowed me to eliminate misunderstandings and contradictory data obtained 
from the focus group phase of the study. The next section discusses the role 
personal reflections played in this study.
Personal Reflections
Qualitative researchers are tools for investigating and analyzing phenomena. 
Before, during, and after the data collection phase o f this study, I recorded ideas, 
notes, and feelings about this process. Thus, personal reflections serve as a fourth 
collection technique. My experience in the educational system and in teaching 
science allows me to think about the steps o f this study differently than other 
researchers. The purpose o f this study is not only to help determine the role PCK 
plays in teacher preparation and contribute to the literature on this topic, it also 
serves to answer personal and professional questions I have concerning teacher 
preparation. My personal reflections are integral to this study and are discussed in 
Chapter 5 in connection to the themes found from data. The next section describes 
the participants o f the study.
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Participants and Context o f Case Study
The participants for this study were chosen from a school district located in a 
western suburb of a large Midwest city. The school district is composed of 7,500 
students from a number o f affluent surrounding towns. The district is comprised 
primarily o f Caucasian, upper middle-class families. The ethnic breakdown o f the 
district is 85% Caucasian, 7% Hispanic, 5% Asian, 2% African American, with the 
remainder comprised of various ethnicities. The median income for families in this 
community is $81,486 (Illinois School Report Card, 2004).
There are eight elementary schools within this district. In the 2005-2006 
school year, there were 70 teachers on beginning certificates (four or fewer years 
experience) and 111 teachers on standard certificates (more than four years 
experience). Table 2 lists the school and number o f teachers who are on beginning, 
standard, or master certificates.
Table 2
Elementary Teacher Expertise by School
School
Beginning Teachers 
(less than 4 years 
experience)
Standard Teachers 






A 7 12 0
B 13 10 0
C 6 16 0
D 3 20 0
E 14 16 0
F 9 17 0
G 9 14 0
H 9 6 0
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Participants were asked to join in this study via emails and personal contact. 
From the eight schools available in this district, six o f the schools were represented 
in the focus groups (only one member participated from the sixth school and was 
added to a focus group held at a different school). Despite numerous attempts at 
recruiting teachers from schools G and H, none were available to participate in this 
study. Teachers from schools A-F participated in this study. Beginning teachers 
were recruited from schools A, B, C, and F. Veteran teachers were recruited from 
schools D and E. Most teachers who participated in the focus groups wanted to 
remain at their own buildings rather than travel to other locations. Due to numerous 
scheduling conflicts and outside commitments by potential participants, I was 
unable to schedule multiple focus groups at one building; thus, either a beginning or 
a veteran group was conducted at each school used in the study. The list o f the five 
focus groups with details about the participants and logistics o f the focus group 
itself are identified in Table 3.
Focus groups were conducted in a teacher’s room (at each school) and ran 
approximately an hour and a half to two hours. Except for the first group 
conducted, all groups had teachers from the same school participating in the 
discussion. The teachers who participated in this study represented a variety o f 
grade levels and years of experience.
The district can be further compared to state elementary practices in terms of 
time devoted to teaching mathematics, science, English/language arts, and social 
science (Table 4) (Illinois School Report Card, 2004). This analysis revealed the














September 26, 2006 
3:30-5:15 P.M. 4 A & F Beginning Alice, Cori, Ellie, Sophia
2
October 12, 2006 
3:45-5:10 P.M. 5 B Beginning Jenni, Jessica, Lynn, Judy, Rose
3
October 3, 2006 
3:40-5:00 P.M. 3 C Beginning Katie, DeAnn, Melissa
4
October 24, 2006 




October 26, 2006 

































District 13.9 50 35 130 35
State 13.8 57 30 146 31
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district is a typical case and spends approximately the same amount of time on each 
discipline as the state average.
All the schools in this district met AYP for 2005. Table 5 lists the schools 
and specific demographic data including reading proficiency, math proficiency, 
student per teacher ratio, enrollment, and percent of economically disadvantaged in 













A 88.1 96.3 17.0 329 0.6
B 83.4 94.0 17.4 392 2.8
C 86.9 94.6 17.2 384 1.0
D 69.9 88.5 15.7 362 1.7
E 85.3 94.1 18.4 553 2.8
F 86.3 92.8 18.9 483 2.1
G 68.1 91.8 17.9 407 12.6
H 80.8 93.0 18.4 274 0.7
The decision to use this district represents purposeful sampling. Participants 
were chosen in a purposeful sample to better answer the research questions in the 
study. There are a variety of types o f purposeful sampling that serve different 
functions. The district and participants were chosen to serve two types o f purposeful 
sampling, critical case and homogeneous sampling. The district represents a critical
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case sample because it embodies an ideal case in which to study elementary science 
education. Patton (2002) describes the use of critical case sampling by, “If it 
happens there, it will happen anywhere” (p. 236). Additionally, critical case 
sampling allows logical generalizations to be made from the insight gained from the 
single case study. The district epitomizes an ideal case because it is an affluent 
district with sufficient resources to meet the needs o f the teachers and students in the 
district, all the elementary schools in this district have met AYP, students continue 
to meet and exceed state standards in science achievement, and teachers in this 
district are highly qualified (as specified under NCLB). These three reasons 
represent a critical case sample.
The district’s use o f teacher-developed kits was another reason this district 
was chosen. I wanted to examine the role PCK played in teacher preparation. 
Teachers are prepared during preparation programs and through professional 
development opportunities. The kits serve as a form of professional development or 
training for teachers. The development o f kits required extensive knowledge about 
science content and pedagogy of elementary students. Ultimately, teachers who 
worked on the kits needed to have science PCK in order to provide a thorough and 
useful product. Analysis o f the kits and focus group data with teachers on the kit 
committees were used to demonstrate if  and how teachers fostered PCK through the 
kit design.
The choice o f using only beginning elementary teachers for one set of focus 
groups and veteran teachers for another set o f focus groups represents homogeneous
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
106
sampling. This type of sampling describes a specific subgroup in depth and is often 
used for focus groups. “The point here is the sampling for focus groups typically 
involves bringing together people o f similar backgrounds and experiences to 
participate in a group interview about major issues that affect them” (Patton, 2002, 
p. 236). Examining how and why beginning elementary teachers have developed 
PCK sheds light on the importance o f science in teacher preparation and what 
universities and districts can do to increase teacher self-efficacy.
Teachers from the district were notified via an email or personal invitation 
by the researcher at a staff meeting for their participation in the study. I contacted 
each school’s principal in order to gain access to teachers in a staff meeting. Access 
was given to participate at four school staff meetings. The additional two schools 
that participated in this study were contacted only through district email. Schools G 
and H were contacted but I was unable to reach principals and had no volunteers 
from emailing teachers directly. A consent form was given to those who agreed to 
participate in the study prior to the focus group (see Appendix B for consent form). 
Participants were asked to complete a descriptive survey. Appendix D illustrates a 
sample survey given to teachers.
Krueger and Casey (2000) suggest using categories and sequencing to 
determine focus group questions. They state, “Each type of question has a distinct 
purpose” (p. 43) and “the level of importance influences the amount o f time spent 
on the question as well as the intensity o f the analysis” (p. 44). Furthermore, 
Krueger and Casey promote the use o f five categories in constructing focus group
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questions. These are opening questions, introductory questions, transition 
questions, key questions, and ending questions. Opening questions help to make 
participants comfortable with talking in a group. Introductory questions serve to 
introduce the topic and get participants thinking about the topic and their 
experiences and feelings. The next category is transition questions. “Transition 
questions move the conversation into the key questions that drive the study” (p. 45). 
The key questions represent the research questions. These are significant to the 
study and usually take up most of the focus group time. The last category is the 
ending questions. Ending questions conclude the focus group and allow participants 
to reflect and summarize any feelings or experiences shared within the discussion. 
This model for developing focus group questions was utilized in this study. 
Approximately 11 questions were asked during focus groups (not including any 
questions about clarifying or expanding on comments). Focus group questions and 
how they fit within the Krueger and Casey framework are evident in Appendix E. 
After the completion o f the focus group, teachers were given the opportunity to 
review the transcripts and participate in member checks for accuracy.
Data obtained from focus groups were compared to the document review of 
the kits. This was done as a way of triangulating the data in order to ensure focus 
group participant responses are accurate. Research indicates teachers are 
unprepared to teach science. Understanding how much more information is needed 
to prepare teachers and at what level the curriculum provides teachers with 
strategies and content entails comparing data from focus groups and document
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review. The level and quality o f science instruction relies on both what a teacher 
learns in training and what is provided by the district.
Findings from this research enable me to make policy-orientated 
recommendations for change in teacher preparation programs to increase PCK for 
teachers (evident in Chapter 5). It is my belief that in this era o f NCLB and the 
upcoming mandatory testing for science in 2007, all districts need to begin looking 
at the time and financial resources going toward science education. If a district as 
affluent as the research district is not meeting the needs of students, then how will 
schools that do not have these resources meet the needs of their students?
Data Analysis and Reporting
The focus groups were audio-taped, transcribed, and coded. The focus 
groups were audio-taped with a digital recorder which enabled the researcher to 
save the data and transcribe the interviews verbatim. Krueger and Casey (2000) 
describe the process used in this study as transcript-based analysis: “Transcript- 
based analysis uses unabridged transcripts of the focus groups as a basis for 
analysis” (p. 130). Following transcription, coding was used to make sense of the 
data. My field notes taken during the focus groups were also analyzed to determine 
codes. Coding is a method o f organizing and managing data. “Coding occurs at 
two levels: identifying information about the data and interpretive constructs related 
to analysis” (Merriam, 1998, p. 164). Coding aids in making sense o f the data 
gathered and is a typical method of analysis for interviews. Group interviews
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require additional consideration in constructing and analyzing codes since the 
group, not the individuals, is the primary element o f analysis.
Morgan (1997) describes three ways commonly linked to coding focus 
groups. Coding focus groups can include coding “(a) all mentions o f a given code, 
(b) whether each individual participant mentioned a given code, or (c) whether each 
group’s discussion contained a given code” (p. 60). This study utilized each method 
described by Morgan. Following transcription, the researcher organized and read 
through transcripts in order to determine initial codes. Similarities and differences 
were seen within focus groups, but most incorporated key elements into the 
discussion. These key elements became the codes or categories used in this study 
(this is further discussed in Chapter 4). The initial analysis and coding consisted of 
looking for common areas o f discussion among focus groups (Morgan’s first way of 
coding focus groups by looking at the codes mentioned in each group). Next, 
categories or areas o f discussion were identified by individuals who mentioned them 
and frequency o f mention in the group (Morgan’s last two methods o f coding focus 
groups). O f the three coding strategies, however, this study relied on the method of 
examining if the group mentioned the code (Morgan’s third technique). I found the 
group as a whole had a unique identity that allowed for a more thorough analysis 
than did any one participant.
Following the organizing of the data (coding), the data were analyzed.
“Data analysis is a complex process that involves moving back and forth between 
concrete bits o f data and abstract concepts, between inductive and deductive
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reasoning, between description and interpretation” (Merriam, 1998, p. 178).
Merriam describes three levels o f analyzing findings in a study. These include 
descriptive accounts, category construction, and building theory. Descriptive 
accounts are the most basic o f the analysis methods. “Data is compressed and 
linked together in a narrative that conveys the meaning the researcher has derived 
from studying the phenomenon” (Merriam, p. 179). The next level of analysis is 
category construction. This involves creating categories or areas o f discussion that 
are seen throughout the data. This level both describes and interprets the data. The 
constant comparative method, one of six data analysis methods described by 
Merriam (1998), is typically associated with category construction. This method 
requires the researcher to make continual comparisons between events, feelings, and 
comments of participants. Merriam (1998) further clarifies guidelines used for 
constructing categories. Categories should:
• reflect the purpose of the research
• be exhaustive
• be mutually exclusive
• be sensitizing
• be conceptually congruent, (pp. 183- 184)
This study utilizes two of Merriam’s levels of analysis, descriptive accounts 
and category construction. O f the two, category construction was found to be 
essential in linking each focus group together and comparing them to the documents 
under review.
Once categories had been identified, member checks and peer review were 
used as ways o f verifying the data. Member checks and peer review will be further
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discussed in the section on methodological issues. The last level o f analysis 
involves developing theory. This level moves beyond category analysis and was not 
used in this study. For the purpose o f this study, descriptive and category 
construction analyses were employed using elements of PCK as a conceptual 
framework. These elements include views of learning, views of teaching, content, 
students’ alternate conceptions, teaching time, context, students, views o f scientific 
knowledge, pedagogical practice, decision making, reflection, and explicit and tacit 
teaching elements.
Yin (2003) describes three methods of analyzing case studies: relying on 
theoretical propositions, thinking about rival propositions, and developing a case 
description. Relying on theoretical propositions allows the researcher to focus on 
certain data while ignoring other data based on the propositions or assumptions that 
led to the development of the case study. “The proposition also helps to organize 
the entire case study and to define alternative explanations to be examined” (Yin, p. 
112). Relying on theoretical propositions not only aided me in the development of 
research questions, it also was used to analyze data. PCK was the theoretical 
proposition used in this study. The research questions and knowledge gained from 
the literature review allowed me to focus on critical themes and ideas from focus 
groups while disregarding less important views. For example, the research 
questions were designed to gain insight about how teachers viewed their 
pedagogical and content training from college. Any mention o f pedagogical
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strategies or content (methodology or science courses) was used in developing 
themes and analyzing data.
The second analysis method, thinking about rival explanations, uses 
opposing propositions or what is not believed to cause an event or outcome to make 
sense out o f data. According to Yin (2003) “The more rivals that your analysis 
addresses and rejects, the more confidence you can place in your findings” (p. 113). 
PCK is an evolving idea and as such there are no rival explanations available in the 
literature to explain how teachers develop the strategies and methods to teach. The 
integrative model discussed briefly in the previous chapter states that PCK does not 
exist. This model suggests teacher knowledge is an amalgamation o f three domains; 
content, pedagogy, and context. The integrative model does not credit PCK as the 
connection among the three, but rather states that teacher knowledge is a product of 
each domain (Gess-Newsome & Lederman, 1999). This model uses the same 
elements o f PCK but rejects how each domain is interconnected. I find it difficult to 
use the integrative model as a rival explanation since there is no way to truly 
differentiate this model from PCK. The construct of PCK suggests teachers learn to 
teach through the integration o f content and pedagogy, but so little is known about 
the paradigm, how can a rival explanation be used when it offers no research or 
details about how not to integrate pedagogy, content, and context? Integration of 
content and pedagogy within a contextual framework seems natural and unavoidable 
in teaching. Thus, no other viable theory exists to explain how teachers teach.
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The last method Yin uses to analyze case studies is through the development 
o f a case description. This method may aid in the identification o f causal links in 
the study. A case study was developed in this investigation. The case, described 
earlier in this chapter, is the setting and participants chosen for this study.
Analysis o f focus group data can be different from data analysis in other 
types o f research. According to Krueger and Casey (2000), “Focus group analysis 
is done concurrently with data collection. Each subsequent group is analyzed and 
compared to earlier groups” (p. 129). Furthermore, the purpose o f the study drives 
the depth of analysis. Krueger and Casey describe four general methods for 
gathering data in a focus group. These include transcripts, tapes, notes, and 
memory. Transcript-based analysis requires audio-taping of the group, which is 
later transcribed verbatim. Tape-based analysis is an abridged version also entailing 
audio-taping the focus group. The difference between this form of analysis and 
transcript-based is that tape-based includes only relevant data from the group, thus 
excluding unimportant discussions. This method, however, requires intimate 
knowledge o f the study in order to accurately choose what topics are necessary for 
analysis.
The next form of analysis is note-based. Audio or video recording of the 
focus group is used as backup to field notes taken by the researcher. (This requires 
more than one researcher since one person must conduct the focus group while 
another take notes.) Memory-based analysis relies on the researcher’s memory for
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recording relevant data after the focus group (Krueger & Casey, 2000). This study 
relies on transcript-based analysis.
Transcript-based analysis was performed on the data obtained from focus 
groups. Each group was taped and transcribed verbatim. In addition to this, notes 
were taken during the sessions. Personal insights about participant answers or how 
the group reacted to a question or answer were noted.
After deciding on the method of analysis and conducting the focus group, 
Krueger and Casey (2000) recommend deciphering data using several factors:
•  Frequency of comments (how frequently a subject was discussed)
•  Specificity o f comments (more attention given to comments that 
provide detail)
•  Emotion (more weight to comments when participants show emotion 
when expressing)
•  Extensiveness (how many different people said a similar comment), (p. 
136)
Analyzing data and creating categories relied on frequency o f comments and 
extensiveness. After this initial coding, more in-depth analysis of data was 
conducted by looking at specificity of comments and how these comments were 
connected throughout all groups. Some emphasis was put on emotional comments 
from participants.
Following analysis o f focus group data, document review of kits was 
completed. A sample document used for kit analysis is seen in Appendix F. A 
variety o f kits were reviewed with the intention of looking for connections between 
focus group responses and elements of the kits. Five kits were analyzed. A sample 
from one of the kits is found in Appendix I. The data received from focus groups
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and document review were merged together to capture a picture o f what teachers 
believe prepared them to teach science (from college and on-the-job training). 
Document analysis of the kits and comparisons made are further discussed in 
Chapter 4. The next section examines the methodological issues associated with 
this study.
Methodological Issues
The quality o f qualitative research is assessed by how the study addresses 
methodological issues. This is perceived as the trustworthiness of a qualitative 
study. The four criteria that determine trustworthiness o f a study are credibility, 
transferability, dependability, and confirmability. Each is further discussed in the 
following sections.
Credibility
The most important component o f trustworthiness is credibility. “In 
qualitative research the credibility test asks if  there is a correspondence between the 
way the respondents actually perceive social constructs and the way the researcher 
portrays their viewpoints” (Mertens, 2005, p. 254). To ensure credibility, peer 
debriefing, progressive subjectivity, member checks, and triangulation were used.
Peer debriefing or examination involves asking a researcher not involved in 
the study to analyze the audio tapes and transcriptions for continuity and integrity 
(Mertens, 2005; Tashakkori & Teddlie, 1998). Two peers (Anna and Haley) were 
asked to complete independent examinations of the focus group questions, data, and
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conclusions. Anna is enrolled in a doctoral program and has finished her graduate
coursework in curriculum and instruction. Anna is beginning her dissertation and
has knowledge of how to code and understand qualitative studies. Haley is also in a
doctoral program in curriculum and instruction. She is finishing her coursework
and was enrolled in a qualitative methods course during the time of this study.
Haley had knowledge of conducting and analyzing qualitative studies. After
completion o f this process, one peer stated:
I think you did an excellent job o f summarizing the themes. I would not add 
anything else. The only thing I thought of was eliminating professors and 
mentors altogether as themes and use those within some other themes, 
pointing out the pros and cons of each and how they relate to the themes. 
They seem to mix with the themes instead of being separate themes in 
themselves. (Anna, personal communication, December 31, 2006)
Another colleague responded:
While I read through the focus groups I was writing down the main idea of 
each question and then I had to write in parenthesis the four following ideas 
to keep everything organized in my head. These were very close to the 
themes you chose and can be incorporated within them. I kept the following 
four main ideas in my head: feelings (teacher and student), schooling history 
(teachers and students), employment/district opportunities and mandates 
(time for teaching science, professional development, mentors), and 
classroom management (management or organization, strategies, and 
assessment). (Haley, personal communication, January 2, 2006)
The use o f peer reviewers allowed for additional validation o f data analysis and
conclusions reached in this study.
Progressive subjectivity involves the researcher self-monitoring
constructions developed through the study. Progressive subjectivity is meant to
“keep an open mind and not be biased by previous experience” (Mertens, 2005, p.
255). Utilizing this method also aided in not influencing my analysis due to any
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connection with the chosen community. The next way of guaranteeing credibility is 
to perform member checks. Member checks involve showing participants the data 
and interpretation o f the data (descriptive accounts and derived categories) in order 
to ensure accuracy of results (Mertens, 2005). This is an important step in the data 
analysis process because it allows the participants to review the data and provide 
feedback about the research conclusions. “It is the single most important way of 
ruling out the possibility o f misinterpretation of the meaning of what they say and 
the perspective they have on what is going on” (Maxwell, 1996, p. 94).
Following the focus group, members were sent a summary of their focus 
group data and asked to review the questions and answers for accuracy. Teachers 
were also asked if they had anything to add to the discussion. One teacher 
responded:
The notes you sent are very accurate and went over what we discussed. One 
thought I had as I was driving home—I think some teachers are less than 
enthusiastic about teaching science because to do the hands-on activities 
(which I believe all teachers know is the best way to teach kids) it takes 
extra time to get materials set up and cleaned up. There is also less structure 
and the greater potential for behavior problems during the hands-on 
activities. Frankly, I don't think “some” teachers want to put forth the extra 
effort. Also there is the issue o f elementary teachers teaching all subjects so 
the storage o f materials etc. is sometimes an issue. I'm not sure how this 
relates to teacher training, but probably if  the training was better teachers 
would be more likely to want to put forth the extra effort. (Linda, personal 
communication, October 26, 2006)
This participant was able to further discuss why she felt teachers did not like science
in elementary school. She, like others, found the summary was an accurate
representation o f what was discussed in the focus group.
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The last method used for credibility is triangulation. “Triangulation 
involves checking information that has been collected from different sources or 
methods for consistency o f evidence across sources o f data” (Mertens, 2005, p.
255). In this study, triangulation entails using multiple modes o f analysis. The 
analysis techniques employed in this study include transcripts, tapes, notes, and 
memory. Data from these sources were compared to ensure accuracy. The next 
section describes the next aspect of testing trustworthiness, transferability.
Transferability
Transferability refers to the thick description involved in a case study that 
allows readers to “determine how similar their own conditions were to those 
reported [by the study]” (Mertens, 2005, p. 257). Furthermore, “this technique 
provides evidence for the transferability o f interpretations and the conclusions from 
Qual [qualitative] investigations” (Tashakkori & Teddlie, 1998, p. 92). Two ways 
to enhance the transferability of a study is to provide rich, thick description o f the 
case and typicality. Typicality involves describing how characteristic the 
program/individual is compared to others in similar circumstances. This study 
maintains transferability via both rich description and typicality by depicting the 
community and participants of the study. As previously stated, this district 
represents a critical case study and as such logical generalizations can be made from 
the findings in this study (Patton, 2002). The next component o f trustworthiness is 
dependability.
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Dependability denotes the “quality and appropriateness o f the inquiry 
process” (Merriam, 1998, p. 257). The purpose o f dependability is to show that the 
results make sense given the data that were collected in a study. Ways to enhance 
dependability include examining the investigator’s position, triangulation, and audit 
trail. Examining the investigator’s position requires the researcher to explain the 
assumptions and theories behind the study, the reasons the participants were 
selected, and the social context o f the case study. Triangulation, as discussed 
earlier, is the use o f multiple data collection methods and analyses. An audit trail 
involves the researcher explaining in detail how data were collected and what 
analyses techniques (codes) were used (Merriam, 1998; Mertens, 2005). I employed 
all three methods (examining the investigator’s position, triangulation, and an audit 
trail) to ascertain dependability in the study. Assumptions have been made (detailed 
in Chapter 1), participants were selected based on years of experience (beginning 
versus veteran) and by availability, and last, the context of the study has been stated 
within the section on participants. Triangulation was used in the form of looking at 
multiple sources o f data (transcripts, notes, document review) while an audit trail 
was conducted earlier in this chapter. The next section discusses the last o f the four 
criteria for trustworthiness, confirmability.
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Confirmability focuses on the product o f the study. Confirmability audits 
show that findings and interpretations of a study are congruent with the data from 
the study (Tashakkori & Teddlie, 1998). Additionally, Mertens (2005) describes 
confirmability as tracking data to its source and making the steps used to interpret 
data explicit. Yin (2003) refers to this as establishing a chain o f evidence in a study. 
This was accomplished in the study through the use o f peer examination as 
described earlier.
Trustworthiness is an important element in a study. The four primary 
ingredients to trustworthiness are credibility, transferability, dependability, and 
confirmability. These factors are integral to the quality o f a case study and are 
addressed in this research.
Conclusion
In this chapter, the methodology of the study was delineated. The qualitative 
approaches utilized were chosen in order to construct a rich and meaningful picture 
o f how beginning elementary teacher’s science PCK is developed through their 
teacher preparation. This research is intended to determine the factors that develop 
PCK and make recommendations to teachers, schools, districts, and universities on 
ways to enhance elementary teacher’s science PCK through both their preparation 
programs and professional experiences. The next chapter, Chapter 4, involves 
analyzing and reporting data.
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CHAPTER 4
THE TEACHERS AND KITS SPEAK: REPORTING OF FINDINGS
Introduction
The purpose of this study was to examine the quality o f elementary teachers’ 
science preparation and contribute to the literature on the construct of PCK. This 
study attempted to identify the evolution o f teachers’ science PCK, explore how 
confident teachers feel to teach science, and determine what factors led to this level 
of confidence. Furthermore, the study examined what steps need to be taken to 
increase confidence and ability (PCK) in teaching science. This study relied on self- 
analysis from beginning and veteran teachers in order to establish factors within 
teacher preparation programs as well as in-school activities and curricula that make 
teachers feel more confident and competent to teach elementary science. Document 
analysis and personal reflections were also used to triangulate data received from 
teacher statements.
This chapter reports the findings o f the study and is separated into three 
sections. The chapter begins with the research questions that guide this study and 
help establish areas o f discussion for the focus group data gathered. The next 
section reports focus group data via statements from teachers. Statements are 
organized within six areas o f discussion:
•  Inconsistent Experiences in Pedagogy
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•  When Do We Learn This Stuff?
•  Where Do We Practice Teaching Science?
•  The Deskilling o f Teachers
•  B u t... The Kids Love It
•  “I Love Science/1 Don’t Like Science”: The Ambivalence o f Teachers 
The discussion areas are further analyzed in Chapter 5. The last section reports on 
the document analysis performed on the district science kits given to elementary 
teachers. The data obtained from the document analysis is compared to the focus 
group discussion areas in order to corroborate findings from focus group data.
Research Questions and Areas o f Discussion
Prior to acknowledging the areas o f discussion that emerge from the data and 
discussing the relevance of the findings, it is imperative that the research questions 
be readdressed and connections made between data collection techniques and 
questions. The research questions that drive this study are as follows:
• What, how, and why have the experiences in teacher preparation 
programs helped elementary teachers feel prepared to teach science?
a) Pedagogical experiences?
b) Content experiences?
c) Convergence of pedagogy and content (PCK)?
• What, how, and why have the experiences outside of teacher preparation 
programs helped elementary teachers feel prepared to teach science?
An analysis o f the research questions reveals that the first two parts o f Question 1 
are addressed through the descriptive survey given out prior to the focus group and
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through the focus group data itself. The convergence of pedagogy and content, or 
PCK, is more difficult to discern and is revealed from analyzing statements within 
focus group interviews. These areas are synthesized in the next chapter. The last 
question about experiences outside teacher preparation programs is addressed 
through focus group data and document review.
Areas o f discussion chosen to analyze in this study are incorporated within 
two major headings: experiences and knowledge gained from teacher preparation 
programs and experiences and knowledge gained from professional development. 
This is how the research questions are categorized (preparation program experiences 
and professional development experiences). Some of the areas o f discussion cross 
over these headings while some are specific to either preparation programs or 
professional development. The categories were developed after initial codes were 
developed for focus group data. Additionally, focus group data were analyzed 
according to teacher experience. Three focus groups were conducted using 
beginning teachers (less than four years experience) and two focus groups were 
performed with experienced teachers (more than four years experience). The same 
areas o f discussion were found in each group with slight differences regarding the 
importance given to each factor by the participants. The next section presents the 
six areas found in these data.
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Focus Group Areas for Discussion
Coding of focus group data revealed the presence of six categories or areas 
o f discussion concerning elementary teacher preparation in science:
•  Inconsistent Experiences in Pedagogy
•  When Do We Learn This Stuff?
•  Where Do We Practice Teaching Science?
•  The Deskilling o f Teachers
•  B ut... The Kids Love It
•  “I Love Science/1 Don’t Like Science”: The Ambivalence o f Teachers 
The analysis below integrates focus group data obtained from both groups with 
beginning and veteran, or experienced, teachers. In addition to the focus groups 
conducted, members were asked to complete a brief descriptive survey. The survey 
data were compiled into two lists, beginning and veteran teachers. Survey results 
are found in Appendix H. The six areas o f discussion are described below. Teacher 
comments are imbedded within the discussion descriptions in order to portray the 
importance each area o f discussion has in preparing teachers to teach science.
Area of Discussion #1: Inconsistent Experiences in Pedagogy
Coding focus group data led to the emergence of areas o f discussion. One 
area that was important for both beginning and veteran teachers was the amount of 
pedagogy within science methods classes in their teacher preparation programs.
The importance of pedagogy in teaching and the reason it was found as an area in 
this study is described by the following teacher statement: “I think it [instructional 
strategies] is really important because science is a subject if  you don’t know how
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you are going to teach it, it can turn into total chaos” (Cori, personal
communication, September 26, 2006).
Despite the importance o f pedagogy, teachers surveyed (with the exception
o f one beginning teacher and two veteran teachers) reported having only one
methodology class in which they learned pedagogy pertaining to science teaching.
The survey shows the content covered in this methodology class varied among
teachers. Both beginning and veteran teachers reported having contact with
experiments by either conducting them or watching them during their pedagogical
classes. “We had to do science experiments for the class every day for the first
couple o f weeks. Every day we had to bring in a science experiment” (Ellie,
personal communication, September 26, 2006). Another participant reported,
“There wasn’t a lot of science in ours either, it was basically students getting a topic
and they would have to come up with an experiment or a discussion with the class
so it wasn’t at all how to teach science” (Katie, personal communication, October 3,
2006). When asked if their college preparation -  particularly the methods class -
was useful in learning to be an elementary teacher, one teacher replied
pessimistically by saying:
To be honest, not really with me, because I took biology and chemistry and 
then science methods and I feel like our science methods class didn’t prepare 
me that well because it was more projects and it never seemed like science. 
(Alice, personal communication, September 26, 2006)
This feeling o f not knowing how to teach when prospective teachers left their
methods classes was echoed by another participant in this study. “Mine was much
more theories behind stuff and I felt I only had one methods class and I left my
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methods class with no idea how to teach science” (Judy, personal communication,
October 12, 2006).
Some teachers had exposure to lab safety techniques while others were
taught general teaching strategies. Overall, however, teachers reported learning
classroom management strategies as part o f their pedagogy classes.
It was a lot o f classroom management and conferencing with parents and 
transitioning and multiple intelligences and problem-based learning and we 
wound up doing a lot o f work that was busy work. We had to put a whole 
presentation together which the teacher looked at for two minutes after we 
spent four and a half weeks on it. (DeAnn, personal communication, 
October 3, 2006)
It was like classroom management things more than actually science. (Alice, 
personal communication, September 26, 2006)
I honestly don’t remember doing anything in science but taking the textbook 
and reading it and then we had to do a unit and whoever was doing the 
demonstration gave us hands-on stuff to do; that’s the only thing. We had to 
get up in front o f the class and do a lesson. It was basically all management 
o f science classroom more so than strategies. (Abbey, personal 
communication, October 26, 2006).
Some participants reported finding their pedagogical training was beneficial
to their teaching. “The class was very practical with stuff I still use today” (Jenni,
personal communication, October 12, 2006). Another participant agreed and stated:
We focused a lot on the thought process of teaching science. We didn’t 
focus on any particular science. We would look at standards and new 
swings in science and how to go about approaching things when you are 
teaching them content or to question what they are learning. It is really stuff 
that goes from kindergarten all the way up to eighth grade. (Jessica, 
personal communication, October 12, 2006)
When asked what changes they would like to see in teacher preparation methods
classes, statements included:
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I do think in our methods classes they should focus and give us ideas on how 
to take biology concepts and do strategies and apply them in the classrooms. 
They have an idea o f what state standards are, what has to be taught in the 
classrooms, and they should take that knowledge and teach us how to teach. 
Give us examples of strategies and methods o f how to actually teach this 
stuff. (Sophia, personal communication, September 26, 2006)
I guess just focus on what elementary teachers need to know. Even if  it’s K- 
5 or middle school. This is what you’ll need for teaching science; maybe 
they aren’t able to do that, but I think they just need to make sure we are 
more prepared to give us strategies to teach science. It’s pretty much just 
giving them the information, and I feel bad because it’s pretty much just 
talking to them. We do discuss things but the way they [district kits] have it 
laid out, you give them this information and then give them this worksheet 
and they’re supposed to catch on to it. (Ellie, personal communication, 
September 26, 2006)
The same comment was repeated in a separate group when one participant
suggested simply, “Actually teach them [teachers in preparation] how to teach”
(Katie, personal communication, October 3, 2006). When asked to elaborate on this
concept, the participant responded, “Go through a lesson and show us how to
prepare for something or where to get materials if  you don’t have them. Not just
ideas the curriculum already gives us. There was no how-to at all” (Katie, personal
communication, October 3, 2006). And last, teachers need to “learn how to teach
kids scientific methods and how to go about solving problems and science
strategies” (Rose, personal communication, October 12, 2006).
Another important facet in teacher pedagogy is the quality o f professors.
Although the role o f professors can be discussed within either methodology or
content classes, most teacher participants seemed to link their experiences with
professors with their methodology or pedagogical training. The teachers were very
clear on the impact effective professors had on their experiences teaching. When
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asked what role professors played in one’s confidence to teach, one participant
emphatically stated:
Huge in how confident I feel. Even in my whole graduating class. It 
depended on who you had as a professor. I had an awesome professor who 
always brought in catalogues and resources and conferences. She still 
emails us to this day. She is really committed to teaching science. (Renee, 
personal communication, October 24, 2006)
Teacher responses also noted the differences between some full-time and adjunct
professors and professors who were still teaching elementary school versus those
who either were no longer teaching or had never taught that level and the unrealistic
expectations o f those professors.
And then there were adjunct professors who just came out o f the classroom 
for 30 years and they are the best. They have all these things they were just 
using. And we talk about this at institute days. You want things you can 
take and implement tomorrow. They are realistic, it is not just theory. It is 
practical. (Sharon, personal communication, October 24, 2006)
The teacher I got the most information out o f taught during the day in the 
district. She was great because she lived it and breathed it. Some o f the 
other ones forget after they retire how it needs to be practical. Teachers had 
their own framework how to do lesson plans and they weren’t consistent and 
we just did it. (DeAnn, personal communication, October 3, 2006)
As unrealistic as many full-time professors were about how things should be, 
at least I got some ideas and like I have an ideal classroom in my head I can 
at least work towards instead of being like, well, I do this because this is 
what this person did. (Judy, personal communication, October 12, 2006)
You really need a district’s curriculum. I could do a great unit but it had 
nothing to do with what they are doing out there and even the amount we 
had to put into these lessons. It took time away from things we should be 
concentrating on. I really felt it was a lot o f extra work that didn’t really 
apply to what it really is to teach (Melissa, personal communication, October 
3, 2006)
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The last point that was mentioned was that when in methods or other
education classes, professors often asked teachers to create or teach a lesson that
was unrelated to what classroom students were actually doing. This kind of
disconnect seems to make it more difficult for teachers to balance what is expected
in their classes and what is expected that the elementary students learn. This is
evident by the following statement:
But sometimes the professors wanted certain things, not only content, but it 
just didn’t fit. They wanted to see you use the things they were teaching in 
the classroom. That’s fine but I came in February and taught a lesson about 
Abe Lincoln and we don’t do any of that in third grade. But because it was 
February that is what the professor wanted, so you had to have tolerant 
mentor teachers. (DeAnn, personal communication, October 3, 2006)
The impact professors have on aspiring teachers can be monumental if  the
right conditions are present. Professors who understood what it was like to be in the
classroom were more effective and imparted useful information on beginning
teachers. Professors who had never been in the classroom or who had been out of
teaching too long were seen as unrealistic and did little to aid in teacher
competence.
In summary, teachers report having at least one methods class that covered 
pedagogical knowledge o f science. Although responses varied on the effectiveness 
o f this class, teachers agreed about the importance of pedagogy in teaching science 
and established that this should be covered in a methodology class. Teachers also 
stated that strategies for teaching science helped them in their teaching. The link 
between strategies and preparation and how confident and prepared teachers felt is 
addressed in the area o f discussion covering teacher self-perceptions and feelings.
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The participants in this study also indicated the role professors played in 
pedagogical training. Quality professors aided teachers in understanding how 
children learn and developing appropriate lessons to teach scientific processes. The 
next area o f discussion is practice, or lack thereof, for science teaching.
Area of Discussion # 2: When Do We Learn This Stuff?
The next area o f discussion apparent in interviewing groups o f teachers was 
the content or lack of content and practice elementary teachers had in science 
instruction. Similar to the responses concerning the inconsistencies with 
pedagogical experiences, teachers are divided on whether or not more content is 
needed for elementary teachers. One participant replied, “I think they should have 
more” (Sam, personal communication, September 26, 2006), when asked if  
elementary teachers should have more content-specific classes. Another member 
responded, “They [colleges] should create a course that is elementary science with 
what they [students] learn at the science level” (Sophia, personal communication, 
September 26, 2006). “It is almost like we should not add all these extra courses 
onto our workload but it would be nice to have a 101 in every type o f science”
(Ellie, personal communication, September 26, 2006). As evident by the descriptive 
survey, most elementary teachers (beginning and veteran) had no more than two 
science content courses as an undergraduate. Adding on content classes in every 
topic would require a lot of time. However, having an introduction to classes or 
having an elementary science class where students were treated like elementary
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students and learned science at the level they would soon be teaching was a unique
concept that came out o f focus group discussions. This idea was reiterated when
one member responded:
I think I don’t have a strong background on the topic, you know, if  I don’t 
feel confident. I definitely think like we were saying before, if  we had an 
elementary science class I would have a little more preparation in simple 
machines and I also think I need more resource behind it so I don’t have to 
go on my own and search for it. (Alice, personal communication, September 
26, 2006)
One veteran teacher discussed her lack of content experiences in physics:
When I started teaching simple machines I really taught myself the content 
by doing outside reading. I could teach because I was more experienced and 
I knew the methods of how to teach but I think a general overview o f content 
is really important and then maybe desire initiative to go in depth in topics. 
(Linda, personal communication, October 24, 2006)
Some teachers believed it would be beneficial to get rid o f general education
classes taken by all majors (often referred to as gen. ed.), but this could hinder other
teachers who change their majors or enter education from another field.
If I had not had gen. ed.s, I wouldn’t have been able to get my certificate. I 
did my undergraduate in PR. I was lucky when I went to get my master’s I 
had all those general education classes so if you don’t have gen. ed.s and you 
change your mind, you are out o f luck. Maybe gen. ed.s should just be 
geared towards elementary education rather than no gen. ed.s (Jenni, 
personal communication, October 12, 2006)
Perhaps the most telling statement made on this issue was made by a beginning
teacher when she stated:
I think it’s [instructional strategies] important but I also feel if  we felt more 
comfortable with the content and understanding the material, we would 
probably feel better about sort o f using other instructional strategies that we 
use in other subjects, transferring them over to science. But we feel like we 
don’t have a good enough grip on the material so we are just trying to get the
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material out and expose them to it. (Sophia, personal communication, 
September 26, 2006)
Data from other focus groups revealed that some teachers feel like content is 
not needed to be a successful elementary teacher. One participant responded,
“Learn the content when you get the job” (Judy, personal communication, October 
12, 2006). When asked about the advice teachers would provide teacher preparation 
programs, another member simply stated, “Don’t focus on content” (Lynn, personal 
communication, October 12, 2006). Other important statements shared this 
perspective:
There is no way my preparation could have taught the content. Every 
district and school has different concepts. You have to do it yourselves. I 
think the most useful thing they could do is giving us how to and the best 
ways to teach science and getting us into the classrooms. (Nicole, personal 
communication, October 24, 2006)
In elementary science you are teaching them the process and the way of 
thinking. You are not teaching them the facts for a purpose of building 
foundation for middle school. You are teaching them to think so they are 
able to handle middle school and high school. There is nothing that any of 
the teachers cannot pick up on without reading materials. (Dan, personal 
communication, October 26, 2006)
But it is not realistic to teach content in preparation programs. You have a 
group o f thirty people in class ranging from kindergarten to eighth grade that 
can go onto thirty different districts and teach different things. They don’t 
all teach the same things, so it is unfeasible to expect all o f them to learn the 
same content. (Lynn, personal communication, October 12, 2006)
Members of both veteran and beginning focus groups seemed to connect teacher
confidence with amount o f content (this idea is explored more in the area o f
discussion of experiences teaching). Responses included, “The content is easy for
teachers to learn, but knowing how to teach kids is important” (Sharon, personal
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communication, October 24, 2006); “Some teachers are not comfortable with 
science content. Maybe they are not comfortable that they don’t feel like they have 
a grasp on it” (Susan, personal communication, October 24, 2006); and “I think it 
goes hand in hand with content. You should have a grasp of content and strategies” 
(Courtney, personal communication, October 24, 2006).
In summary, focus group members were divided on how important content is 
in elementary science. Some participants stressed that knowledge led to confidence 
and that you needed some background knowledge while others believed little to no 
content knowledge is essential for teaching elementary science. The idea of 
pedagogy and content is explored in more detail as areas of discussion analyzed in 
Chapter 5. The next discussion area is Where Do We Practice Teaching Science?
Area o f Discussion # 3: Where Do We Practice Teaching Science?
The previous areas o f discussion were found in teacher preparation programs 
and had to do with teacher knowledge. The next area o f experiences in the 
classroom occurs in teacher preparation but involves the opportunities teachers are 
given to practice the skill o f teaching. Unlike the previous areas, beginning and 
veteran teachers concur that exposure to early teaching experiences is vital for 
teacher development. One teacher stated, “I think that across the board getting them 
into the classroom” (Dan, personal communication, October 26, 2006). This 
sentiment is reiterated by the following statements:
I would definitely say get us into the classroom and teach science. Having
experience teaching lessons in science along with being with all elementary
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education students in classes is comparable to having experience in other 
general classes we might take. (Jessica, personal communication, October 
12, 2006)
And I think that [going into a school and helping to teach a lesson] probably 
is what sticks out the most because you got to understand what the kids 
respond to and I would have liked to been able to do more like focus on 
science and going in and teaching more science lessons. It would probably 
have made me feel like I was more prepared to do it once I became a 
teacher. (Cori, personal communication, September 26, 2006)
We had to do a few experiments in front o f kids in my methods class and we 
did another one where we did a lesson with them and then an experiment, 
which I felt was very good because then we got to explain to the students 
because two of my experiments didn’t work in front o f them but they 
worked at home, so we got to stress that in science sometimes things don’t 
work out, that is science. (Ellie, personal communication, September 26, 
2006)
Although teachers agreed more teaching exposure in training was valuable,
most felt they had no opportunities in which to be in the classroom for science.
So that [doing experiments with kids] was good because we got to see how 
they reacted to science but I feel like those were the only two times we were 
really working with science with kids. (Ellie, personal communication, 
September 26, 2006)
I don’t think they make you teach science as much though as other subjects.
I had the same thing in reading; I tutored a child twice a week but in science 
we would go in the lab school and teach maybe one lesson. I don’t think 
they gave us much time. (Rose, personal communication, October 12, 2006)
I didn’t have to do much teaching at all. I had to do a lot more observations 
and any involvement I had was based solely on me throwing myself in there 
asking. It wasn’t required as much as other schools. (Lynn, personal 
communication, October 12, 2006)
I think more about how to teach content or vocab and to make us go in and 
actually teach a science lesson. We had to do this for other classes but not 
science. (Renee, personal communication, October 24, 2006)
I would have liked to during my methods class to have gone into the 
classroom and do science because we had to do that for most o f our other
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classes but not for science or social studies. We didn’t have to go and 
observe or teach a lesson. (Nicole, personal communication, October 24, 
2006)
I heard after I finished the science methods class they did do more hands-on 
with kids because they connected with a summer camp and thought that was 
a great extension because we didn’t do that. We didn’t take five college 
students and have them teach in little groups. That would have been more 
meaningful. (DeAnn, personal communication, October 3, 2006)
The previous statements overwhelmingly show that teachers favor going into the
classrooms to teach science. Although these teachers were required to enter the
classroom prior to student teaching for other subjects, science was not mandated.
A few teachers commented on the positive impact teaching experiences had
when they were required to complete science hours in the classroom. “As far as our
science methods, wasn’t it two experiments in the classroom? We were so
comfortable by the time we got in the classroom from these experiences” (Katie,
personal communication, October 3, 2006). Another teacher explained how
teaching exposure in math helped her in teaching: “We did tutoring in math
methods class and that helped because you were able to be hands-on and teach what
they were actually teaching in the classroom” (Melissa, personal communication,
October 3, 2006).
Veteran teachers suggested preparation schools go further than requiring 
potential teachers to teach science; they want colleges to change and mandate a two- 
year internship program. Statements such as these advocate this change: “I think 
teacher education should be changed. I think they should be basic college classes 
your freshman and sophomore years and almost an internship program the next two
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
136
years” (Dan, personal communication, October 26, 2006); “I absolutely think it
should be an internship” (Abbey, personal communication, October 26, 2006); “And
we wonder why people don’t respect us. All other professionals have longer
internships than educators” (Dan, personal communication, October 26, 2006).
While experiencing teaching in a classroom, beginning teachers rely on
others to help guide them. One typical guide for beginning teachers was their
college professors and cooperating teachers. Mentor teachers also played a large
role in beginning teachers’ understanding of science when they entered the teaching
field. Beginning teachers are given mentors to help them through the first few years
of teaching. Similar to the discussion o f how professors affect teacher pedagogy,
data shows there is a link between mentor teachers and positive experiences in the
classroom. Beginning teachers found their mentor teachers help to point them in
realistic pathways often not seen in their school preparation. Examples o f this are
seen in the following statements:
That is why when you come in with a mentor teacher and they look at your 
units you have created in school they say wow this is a lot. You ask if  you 
can do this lesson and she is like I think this is more like two hours to 
complete, not ten minutes. I feel like I don’t have a clue. (Katie, personal 
communication, October 3, 2006)
As soon as I got in there and had to do it, no I didn’t feel comfortable and I 
had to learn what happens if you never experienced teaching science in your 
college methods classes. It was me going into the classroom and doing 
something that wasn’t right and having a mentor telling me you might want 
to try this next time instead. I don’t think you learn that from a book but 
rather when you are doing it and with a helpful mentor. (Helen, personal 
communication, October 26, 2006)
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Another key to having a good experience as a beginning teacher is having a good
relationship with your mentor.
I also think it goes to relationships too. You establish a good relationship 
with that person. I have a great relationship with my student teacher, but she 
has worked with me for two years and that makes a difference. (Abbey, 
personal communication, October 26, 2006)
Universities need to be selective in choosing cooperating teachers. I was 
lucky with mine, but I heard horror stories. They should sometimes match 
the personalities. You are going to have to work with impossible people, but 
in your learning experience everything should be as easy as possible for you 
so you can focus on that. (Jessica, personal communication, October 12, 
2006)
Based on the teacher comments, teachers are in favor o f more time in the 
classrooms. This exposure added to their experiences and readiness in other areas 
would be a welcome addition for being prepared in elementary science. Some 
teachers believe preparation programs need to revamp their systems and mandate a 
two-year internship that goes along with what is learned in the classroom. Quality 
o f mentors also helps in facilitating a realistic and valuable time in the classroom. 
The next area o f discussion identified from the focus group data was the quality and 
presence o f a district curriculum. This area o f discussion, called the Deskilling of 
Teachers, is discussed in the next section.
Area o f Discussion # 4: The Deskilling o f Teachers
The next area of discussion is that of the deskilling o f teachers by district 
curriculum. This area was frequently mentioned in all o f the focus groups. The 
amount of pedagogy and content a teacher needed often hinged on the presence of a
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district curriculum. Additionally, the amount o f new knowledge or skills gained
centered on the quality of the kit. Some teachers recognized the district’s desire to
“teacher p ro o f’ the kits. This would enable any teacher to teach any kit with little
previous knowledge or skills. This district uses kits designed for each grade level.
Kits follow district and state standards and are rotated every trimester (three
trimesters to a school year) to all the schools. The kits used were analyzed more
closely via a document review in the next part of this chapter. The statements below
embody what teachers are saying about the kits and district curriculum.
I’m not sure you would need a lot [content] in elementary school because the 
lessons are written out for you. They basically give you sheets to teach 
yourself before you even start teaching the kids so if you were to read over 
the kits you would learn everything you need to know. They don’t get in 
depth in a lot o f topics so it’s not like you have to be an expert on anything 
to be able to teach it. (Katie, personal communication, October 3, 2006)
Well they give us the science kit and in the science kit is all the materials. 
And we have a binder with it so it’s a lot of discussion and going into the 
experiments and doing it for ourselves then for the kids. (Cori, personal 
communication, September 26, 2006)
I think the curriculum we have is so teacher friendly (DeAnn, personal 
communication, October3, 2006).
It is somewhat scripted because I do feel like I wouldn’t know how to 
approach it. (Ellie, personal communication, September 26, 2006)
I think in this district when I student taught it was easy for me because I 
walked in the door and they handed me the kit and I read it so I felt 
comfortable when I came to the district because they gave me materials; I 
didn’t have to reinvent the wheel. They gave you the materials. In a lot of 
places you don’t have that. (Karan, personal communication, October 26, 
2006)
But a lot o f it is you are doing six to eight subjects a day because you really 
need a kit like that so everything is there and you can go teach it. We don’t 
have to mix stuff, sometimes we do, but it’s a little bit different and we are
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always concerned about safety. (Dan, personal communication, October 26,
2006)
Overall the teachers like the presence o f kits and find them a better alternative than 
typical textbooks for science. The issues that arose in the focus groups regarded the 
amount o f time teachers had to teach science and use the kits, the amount of 
background knowledge needed to use the kits (versus that which is provided within 
the kits), and the use o f materials beyond the kits in the classroom.
Teachers are aware that literacy and math are given more time in the 
classroom (per district suggested time standards). The district suggests teaching 
science for a half-hour each day. Despite this guideline, four out o f five focus 
groups mentioned that if  time was short, science was usually the first (maybe second 
if  social studies is also being taught) subject shortened or cut out of the day. This 
sentiment was often one o f the first comments made by teachers when asked what 
came to mind when discussing teaching science in elementary school. A typical 
comment included, “Science always ends up being the one to be cut. I was talking 
with another teacher the other day and we said when there is something we have to 
get done, science gets pushed back” (Ellie, personal communication, September 26, 
2006).
When teachers do fit science into their schedule, they are required to use the 
district kits and follow specific lessons. One issue that was raised is the amount of 
background material provided in the kits. A concern that emerged from the focus 
groups that coincides with the lack o f pedagogy and content teachers feel they have 
experienced is the inefficient amount o f background knowledge provided by the
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kits. When asked about the effectiveness o f the kits, a participant replied, “I feel
like the background information that they do give you doesn’t make room for their
questions; like, the stuff they’re going to ask is not really in the background
information” (Alice, personal communication, September 26, 2006). When asked
to elaborate specifically on what background knowledge teachers needed, another
focus group member stated:
It’s the questions you ask yourself; like, you’re reading and you’re like 
‘okay’ but then you don’t have time to look it up or whatever. It never fails 
that those questions you ask as an adult reader are what the kids will not get 
and will ask. (Sophia, personal communication, September 26, 2006)
Because some teachers felt the kits did not adequately prepare them to teach
the content, participants were asked about outside resources and if or how they
attempt to understand the material using anything but what is given to them in the
curriculum. Members did discuss the existence o f binders with experiments from
methodology or content classes, but only one actually used this as a resource. Some
state the reasons they do not use outside materials is because the district curriculum
mandates what should be taught and they cannot bring in more content or
experiments. Others reiterate that the work is already completed for them in the
form of a kit and they do not have time to reinvent the curriculum. Examples of
these responses consist o f the following:
We had to do science experiments for the class every day for the first couple 
o f weeks, every day we had to bring in a science experiment. Which is 
great; however, when we have these science kits they have experiments 
already made up for you so I ’m not taking this binder that we had to make 
on science experiments and opening it up because I have the resources 
already made for me. (Ellie, personal communication, September 26, 2006)
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In my methods class we had to do two experiments every week and you 
shared and we left with a binder of experiments and I thought it was very 
cool but I have been unable to use them because we have kits that dictate 
what we do in terms o f helping make me a better science teacher. I don’t 
think my class was helpful but I think I learned very useful things in there 
and if  I had more flexibility with what I taught, I could pull from that class. 
(Sharon, personal communication, October 24, 2006)
When asked about adapting strategies used in other classes into science, a
participant responded:
You could; however, I haven’t tried because o f the kits. I go by exactly 
what the kit tells me to do as far as we do work in groups. I’m not taking the 
information and taking the time to make cooperative groups out of it or rally 
tables or anything like that. I’m just going by exactly what they give me to 
do. (Cori, personal communication, September 26, 2006)
And finally, when asked what would happen if  no kits were available, a
group member stated that she would rely on college material, but this would not be
desirable by her or the kids:
I would probably go back to my stuff from college. I would probably open it 
up and start remembering all the strategies I learned, and the strategies I feel 
comfortable using I would probably start using them in science. I think if 
we had science books that would be so boring just sitting there and reading it 
and you’d get into the habit o f every day, ‘Okay open your science books, 
let’s just sit and read. ’ And the kids would dread it. (Sophia, personal 
communication, September 26, 2006)
In summary, the district has provided teachers with kits that enable them to teach
similar content and activities. In addition, teachers have an already made
curriculum set with experiments, materials, and background information for
teachers. Although teachers like the kits, some find them in need o f an update in
order to add or change background material so that they are more realistic in
anticipating student questions. Teachers are not relying on their own materials but
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rather depending on district kits that may or may not provide them suitable 
information and activities necessary to reach the students. Instead of increasing or 
refining skills and knowledge associated with elementary science, teachers are 
relying on kits that do not require them to be knowledgeable about the topic.
Without these kits, teachers fear the district would adopt a textbook that would not 
only lose student interest, but also not be as effective in teaching science skills. The 
next area is that of student knowledge and feelings toward science. Students enjoy 
the kits and look forward to experiments that these kits have to offer. The next 
section delves into this issue and looks at how students’ feelings affect teachers and 
the curriculum.
Area o f Discussion # 5: B ut.. .The Kids Love It
The next area o f discussion is rooted around the students and what they 
know and feel towards science. When asked what science topics teachers enjoy 
teaching, many responded with topics they like because of the students. Statements 
that show the connection between teacher preference and student enjoyment are as 
follows:
I like teaching it [astronomy] too and the kids are very enthusiastic about it 
because it is a lot o f new information; you can’t do much with scientific 
method. There are some limitations with space, but the kids love it. (Susan, 
personal communication, October 24, 2006)
I like the human body. The kids like it because they can relate to it. It is a 
lot o f information for the second grade, but I like teaching it. (Courtney, 
personal communication, October 24, 2006)
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I definitely think animals because of the response you get from the kids. 
More kids in first grade at least are interested in animals on the whole and 
they’ve got this wealth of knowledge you know about their favorite kind of 
animal and there is always an expert on an animal in the room and so I think 
I sort o f feed off that enthusiasm and I think that is why I enjoy it so much. 
(Sophia, personal communication, September 26, 2006)
When asked what their students thought o f science, responses included that
children liked science and wanted to do more of it.
They do love it. I think they look forward to it and if  you can’t do it they are 
like, ‘Oh, no science today, can we do it tomorrow?’ And you kind o f have 
to make the time for it because they look forward to it that much. (Sophia, 
personal communication, September 26, 2006)
They bug you about teaching it if  you haven’t in a couple o f days. (Cori, 
personal communication, September 26, 2006)
I think science is up there for their favorite. It is up there. They get excited 
about doing experiments, they just love it. (Katie, personal communication, 
October 3, 2006)
You are very correct, they look forward to it but in third grade we are doing 
something different this year and due to our scheduling conflicts we are 
doing science for the first four to five weeks o f the trimester and social 
studies for the last four to five weeks. We are actually doing a fast-pace 
condensing of the science curriculum now. We had to condense things out 
o f it but they love doing these experiments, they just love it and I’m like, ‘I 
guess we can do it.’ (Ellie, personal communication, September 26, 2006)
The other issue involved in this area o f discussion is increased student
knowledge. Beginning and veteran teachers alike recognize the role television, the
Internet, and society has had on the advancement o f student prior knowledge.
Statements that corroborate this claim include:
That is a change. I do think kids know more now. There is more prior 
knowledge than there was years ago; there are more resources for them. 
(Lauren, personal communication, October 26, 2006)
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And they travel more. They have been to the museums besides all o f our 
television programs. (Abbey, personal communication, October 26, 2006)
I love the boys in my classroom because they tell me all types o f things. I 
have learned a lot from my students, especially my boys who love science. I 
don’t ever remember that from years before. (Lynn, personal 
communication, October 12, 2006)
Sometimes when I teach science I remember thinking I don’t remember in 
first grade us using this big of vocabulary and learning these advanced 
concepts when I was in first grade. (Alice, personal communication, 
September 26, 2006)
They have more books and resources available than when we were kids. It’s 
not like that long ago but I feel like I wasn’t that into science as a kid so I 
don’t probably know as much knowledge. (Cori, personal communication, 
September 26, 2006)
Teachers not only are aware o f the role science plays in students’ lives, they respect 
that when children are interested in a topic, the topic is more enjoyable to teach.
The aforementioned statements by teachers illustrate how important science is to 
students and how technology has caused student prior knowledge in the area of 
science to increase. Students have more access, especially with the advent o f the 
Internet, to science and share their enthusiasm with their teachers. The positive 
impact science and experiments have on elementary children leads teachers to not 
only like science themselves but also to seek out time to fit science into their 
curriculum. The sixth and final area explored builds off the previous discussion of 
the impact students have on teachers. The next section discusses the ambivalence of 
teachers in respect to their feelings about science.
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Area o f Discussion #6: 1  Love Science/1 Don’t Like Science:
The Ambivalence of Teachers
The last area o f discussion seen within the focus groups conducted for this 
study is that of teacher perceptions and feelings toward science. Like the discussion 
on student feelings, how the teachers feel about science and conducting experiments 
affects the amount o f time spent on science and the enthusiasm they bring to their 
teaching.
An interesting comment made during the focus group process concerned 
one’s feeling good about a subject and how confident one feels to teach that topic.
“I think a lot o f it [confidence to teach] has to do with what you feel you are good 
at” (Abbey, personal communication, October 26, 2006). Teachers were asked how 
they felt about science and what they liked or disliked in the subject. One insightful 
comment was made by a beginning teacher who asked other group members what 
they thought about science. She stated that their responses would sway how the 
teachers answered my questions. She stated, “I am just curious, I have always loved 
science; has everyone always loved science? Because that is going to make a 
difference in our questions” (Jenni, personal communication, October 12, 2006).
The beginning group of teachers responded no, they did not like science.
When asked to rank subjects according to what teachers enjoy teaching, 
responses were split with those who would rank science in the top and those who 
would rank it near the bottom. “Science ranks back up when we are doing hands-on, 
it is back up in the top” (Courtney, personal communication, October 24, 2006), and
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“Depending on what the content is depends on where I would rank it” (Nicole,
personal communication, October 24, 2006) are examples o f why teachers may vary
their ranking o f science. Teachers with positive feelings toward science responded:
When you are talking about the content I was thinking no for me, but that is 
because I am very comfortable with science and I like to try to figure out, so 
for me this is a great challenge and while I was really unsure at the 
beginning at the first time I taught, at the end I was like, I get this, I ’m great 
at this. I would go home and think about the topics so I could really figure it 
out because I love science. (Jenni, personal communication, October 12, 
2006)
I love science. I ’ve always loved science. I loved teaching it. All o f it is 
my favorite and the kids know it; they always know when it is science time 
and they are like YES. But our units do light and biomes and then rocks and 
minerals and this is kind of boring material. (Katie, personal communication, 
October 3, 2006)
I think science is in the top two for me. I like science because the kids enjoy 
science, so it makes it fun since they get to do lots of hands-on with this 
curriculum so if  they are happy, I am happy and if  I ’m happy, I like teaching 
it and they’re happy. (Melissa, personal communication, October 3, 2006)
Despite student feelings about science, however, some teachers responded
negatively to liking science. They neither like it nor look forward to teaching it.
Exactly, I seem to push it off because I have to admit I am not really 
interested. I am doing simple machines right now and the concepts behind it 
are even difficult for the students with friction and everything and for me. I 
feel like I am relearning the simple machines and for me I have to actually 
have a grasp on the concept before being able to teach it. And I ’m always 
terrified because there is always some kid who asks me a question that I 
have no idea what the answer is. (Alice, personal communication,
September 26, 2006)
I didn’t like science. I didn’t like it at all through high school or college and 
is still not my favorite. I think the only reason I like it is because the kids 
like it, at this point at least, with the units they have for us. But I will be 
honest; I am not a big fan. I am not the person who would go home and 
figure it out at home. I would wait until I taught the next lesson and try to
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
147
figure it out at that time because I just don’t like it. (Jessica, personal 
communication, October 12, 2006)
When the topic of why teachers do not like science was discussed, teachers
began analyzing their own likes and comfort with science. Along with comfort is
confidence. As one participant commented, “It is important to be confident;
otherwise, you wouldn’t be able to use those teachable moments even if you know
the content” (Renee, personal communication, October 24, 2006). The question
became what makes some teachers feel confident while others do not? The reasons
provided ranged from content to pedagogy to management of the classroom.
Beginning teachers attributed their lack o f enthusiasm for science on experiences in
college and content knowledge. The following are statements provided by
beginning teachers:
As soon as I got in there and had to do it, no I didn’t feel comfortable and I 
had to learn what happens if  you never experienced in your college methods 
classes. It was me going into the classroom and doing something that wasn’t 
right and having a mentor telling me you might want to try this next time 
instead and I don’t think you leam from a book but rather when you are 
doing it. (Helen, personal communication, October 26, 2006)
When I’m teaching science there are times I feel that these kids are looking 
at me and probably thinking I am stupid because I ’m looking at the manual 
instead of knowing it. (Cori, personal communication, September 26, 2006)
Teachers admitted they had questions during their pedagogy and content classes but
never asked them or found out the answers. When asked why questions were not
asked during methodology or content classes, one focus group participant stated,
“You don’t want to appear ignorant. That’s the biggest thing; you’re supposed to
remember stuff right, so it’s hard to ask” (Ellie, personal communication, September
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26, 2006). In an effort not to appear unintelligent, teachers did not seek help in
understanding the material and how to teach it to children. Along with this idea of
feeling stupid, the issue o f fear and anxiety o f science was addressed.
I think it [not feeling confident to teach science] was because I felt I wasn’t 
prepared to do the experiments even though I ’m sure the professor explained 
how to do it, but I felt it made me nervous. But then I feel like with my first 
graders they have such excitement for science and I hope it lasts for them 
because I don’t want them to feel nervous about science. (Cori, personal 
communication, September 26, 2006)
I feel bad, but I have been thinking, and for me science never interested me; 
for me it kind of made me nervous. (Alice, personal communication, 
September 26, 2006)
Veteran teachers offer another rationale behind why teachers do not feel confident
in science. They believe it has to do with the lack o f control a science classroom
can cause. Statements that support this claim include:
I loved it, but some of the teachers didn’t do that [experiments]. Some of 
them weren’t comfortable with having the kids out o f their seats all o f the 
time. (Lauren, personal communication, October 26, 2006)
And you are letting go of things and letting the kids struggle to discover on 
their own and sometimes the teacher likes to be able to get it done and move 
on. (Helen, personal communication, October 26, 2006)
It is unpredictable. (Abbey, personal communication, October 26, 2006)
It can be messy, and honestly it was more the young teachers who didn’t do 
it because they were insecure and didn’t have the knowledge. I kept going, 
“Come on, try this,” and they said, “That looks fun, but I just don’t think I 
could do it.” (Lauren, personal communication, October 26, 2006)
The last reason mentioned for teachers not liking science is their lack of
confidence in teaching this subject. When asked how confident they felt to teach
science, again responses varied. Most teachers appeared confident as long as they
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had the district kits to use. Responses included: “Each year more confident” (Jenni,
personal communication, October 12, 2006); “I think I feel like I can get by, I don’t
feel super-confident but I feel confident enough that I can teach them the skills”
(Ellie, personal communication, September 26, 2006); “I felt very unsure my first
year, and the second year I was a little bit better, and this is the third time and I feel
pretty good. Much better this year” (Judy, personal communication, October 12,
2006); and “That [time] gave me a lot more confidence when I had time to figure it
out instead of being like okay today I have to teach this and I don’t know what it
means” (Jenni, personal communication, October 12, 2006). One beginning teacher
commented on advice given to her by another teacher. Although this advice can be
generalized to any subject, this teacher mentioned it in reference to teaching science.
She responded by saying:
One of the other first grade teachers had a saying, “Fake it until you make 
it,” and that’s kind of how I feel. I am able to fake well enough and they 
[students] are going to get what they need to be getting and maybe after this 
first year o f teaching it I’ll be able to make it. It’s definitely a fake it until 
you make it. (Sophia, personal communication, September 26, 2006)
When asked how confident teachers would be without the use of the district
kits, teachers did not immediately respond. One member replied, “I don’t think as
much, only because the lack of experience I had teaching and really not having that
foundation in college to look back from. It would be very hard if it wasn’t
supplied” (Melissa, personal communication, October 3, 2006).
In summary, many teachers do not feel comfortable teaching science. This
is due to a combination of factors and areas o f discussion already discussed. A lack
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of pedagogical skill, content level, and experiences in the classroom with science 
produce anxiety and fear in teachers. Some teachers do enjoy science and these 
teachers often went into teacher preparation with this feeling and knowledge. 
Experience does seem to build confidence and allows teachers to enjoy what they 
are teaching.
Summary
The six areas o f discussion chosen to describe how beginning and veteran 
teachers perceive their preparation to teach elementary science depict factors that 
are crucial within preparation programs as well as outside o f these programs. 
Teachers are prepared in college, but much learning takes place once a teacher gets 
a job. The first couple years of teaching represents hands-on learning for educators. 
What occurs in this time period should be a natural progression from knowledge and 
skill gained in college. The six areas of discussion that became apparent from the 
data were Inconsistent Experiences in Pedagogy, When Do We Learn This Stuff, 
Where Do We Practice Teaching Science, The Deskilling of Teachers, B ut... The 
Kids Love It, and “I Love Science/1 Don’t Like Science”: The Ambivalence of 
Teachers.
Inconsistent experiences in pedagogy represents training in the strategies and 
skills teachers use in a classroom. Elementary teachers typically take one 
methodology class in science that prepares them pedagogically. Teachers expressed 
their lack o f pedagogical skills and found that preparation programs did not
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adequately prepare them to teach science. Instead of learning valuable science- 
related skills, science methodology classes focused on classroom management and 
conducting experiments. They felt that learning classroom management is 
important for teaching science, but not in lieu o f strategies. As for conducting 
experiments, most teachers found this useless. The district studied uses kits that 
come equipped with experiments and materials with which to teach content.
The next area discussed was the amount of content teachers should have in 
teacher preparation. Again, participating teachers were at odds, with some believing 
more content was necessary while others argued little to no content was needed.
The district kits provide background information, which some teachers stated 
contained enough content for them to be able to teach science. Another key point 
was that not every district had the same curriculum or topics nor were you 
guaranteed a position or a grade level when in teacher training. This made it 
impossible to be versed in all possible topics. A solution to this was the mention of 
an elementary science class that taught science in the depth at which children would 
learn. Although not all districts had identical topics, many followed similar themes 
in order to meet state standards and be ready for state testing. If an elementary 
science class used this as a guideline, teachers would leave college knowing 
appropriate content for elementary school.
The next discussion analyzed the lack of practice in teaching science. 
Beginning and veteran teachers found the more time teachers spent in the classroom 
teaching, the better prepared they were for a job in the education field. Experiences
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included any teaching or tutoring in the content area. However, teachers reported 
having an abundance of time in the classroom for other subjects like literacy and 
math, but little time, if  any, in science. When asked about recommendations for 
teacher preparation programs, many teachers responded: “Get teachers into the 
classroom” (Ellie, personal communication, September 26, 2006).
The presence o f a district curriculum was the topic o f the fourth area of 
discussion. This district’s curriculum involved using teacher-developed kits for 
content and materials in the classroom. Overall, teachers liked the district kits since 
it made their jobs easier by coming equipped with background information, 
experiments, and materials. Teachers alluded to the kits being “teacher p roof’: 
anyone could teach from them if given enough time with the kit to read the 
materials. Some found the kits to be dated and overloaded with optional activities 
that were unrealistic given the time to cover science. Others found the background 
information was incomplete and did not provide answers to student questions.
Along with the district curriculum, an area o f discussion that emerged from 
the focus group data was student knowledge and feelings toward science. Teachers 
reported students loved science and were excited to conduct any experiment or learn 
new science material. It was this love o f science and inquisitiveness that led 
students to seek out new science information through television, the Internet, 
museums, and books. Teachers were amazed that students knew so much more than 
they did at their age. Students’ love for science was one reason teachers felt 
obligated to get science into their day. Some teachers even reported liking science
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more because kids were so enthusiastic about the topic. However, the wealth of 
student knowledge left many teachers feeling inadequate in teaching science. These 
feelings were explored in the last area of discussion on teacher self-perceptions and 
feelings toward science.
Teachers who liked science felt comfortable with the material and knew 
either enough background knowledge or were able to research the material.
Teachers who did not like science often cited not having enough content, pedagogy, 
or experiences teaching science as reasons they felt uncomfortable with the subject. 
Some even discussed feeling anxious during science class and lab while in high 
school and college.
The only difference in statements by beginning and veteran teachers came 
with the insight experienced teachers shed on possible reasons new teachers did not 
like teaching science. Veteran teachers believed new teachers had trouble with the 
chaotic nature o f science and controlling what occurred in class when doing 
experiments or activities. Classroom management was thought to be a huge part of 
dreading science. This comment was not echoed by beginning teachers. They 
focused on amount o f content, pedagogy, experiences, and personal feelings toward 
science. There was a link, however, between feeling confident and having 
experience teaching the topic. The more teachers taught the lesson (e.g., the more 
years at the same grade level), the more confident they felt. Some did rely on the 
kits for confidence and without this tool would not be comfortable teaching science.
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There were conflicting comments on the amount of content and pedagogical 
strategies available in the kits. In order to discover what teachers perceive to be 
adequate amounts of these factors, the district curriculum needs to be analyzed. The 
next section of this paper discusses the review of the district kits.
District Kits Areas for Discussion
District kits include a large container with all materials needed to complete 
the lessons provided. Additionally, teachers are given a binder with important 
handouts, background information, lesson plans, and assessments. Appendix I 
provides an example of binder information. Four out of 20 kits from kindergarten to 
fifth grade were randomly chosen and analyzed. These included a first-grade kit on 
butterflies, a third-grade kit on simple machines, a fourth-grade kit on lightning, and 
a fifth-grade kit on matter. In analyzing the binder materials, three essential areas 
for discussion were found: organization and standards, background knowledge, and 
lesson plan design. Organization and standards incorporates how and why the kits 
are structured. Background knowledge entails the information provided for teachers 
about the content covered in the unit (either overall content or within specific lesson 
plans). Last, lesson plan design reviews the specific lessons in the binder and how 
these are structured to help students learn.
The areas found in the document analysis differ from focus groups areas of 
discussion. Focus group areas are based on teacher perceptions while document 
review is based on the researcher’s observations o f district artifacts. Each area of
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discussion and the relation it has to focus group categories are discussed in the 
following sections.
Area for Discussion #1: Organization and Standards
The kits analyzed showed there was an explicit organization followed. Each
kit began with a cover page stating the kit name, creators, and date of the kit. The
simple machine and matter kits were created in 1993 and revised in 2000 and 2001
respectively. The butterfly kit was created in 2001; the matter kit was produced in
2002. According to the district science coordinator, the curriculum is not up for
revision until 2009. Kits can be revised, but only in the summer. Kits are created
and revised by classroom teachers.
A veteran teacher, responsible for developing the first set of kits, briefly
discussed the impetus o f choosing the current kit design by saying:
When I started here we had science all out of a book and it was horrible and 
we didn’t do much o f it really, maybe one half hour a week, and then this 
idea o f hands-on came along. We had a workshop and we set up an institute 
day and we had activities on all the tables and we walked around and did 
them. It was fun and the kind of thing the kids would do in any classroom 
and I don’t think there was anything different a first-grade teacher got out of 
it than a fifth-grade teacher. Then we started looking at using more hands- 
on things for our next adoption. (Dan, personal communication, October 26, 
2006)
Following the cover page is a list o f district standards, important topics and 
key terms for students, general understandings the students should learn along with 
essential questions and skills, assessment evidence, and a list of lesson plans. 
Standards are used as a guide to determine content. Additionally, kits come
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equipped with a table o f contents, curriculum overview, lab data sheet(s), safety
rules, and a unit overview. Up to this point, kits are identical in their organization
and standards. However, after the unit overview, kits are no longer identical in
structure. There are some similarities found within lessons, but little conformity in
arrangement o f teacher information and design of lessons.
Along with providing information on document analysis, it is important to
look at how areas for discussion found in the kits correspond to areas o f discussion
found in the focus group process. The area for discussion o f organization and
standards found in document analysis connects to focus group discussion about the
inconsistent experiences in pedagogy. A statement concerning standards was made
during a teacher’s reflection about preparation:
I went to school in Ohio and the project [in methodology class] we did was 
broken up by the grade level you wanted to teach. We followed those 
standards, so it would have been useful if  I was in Ohio teaching. Maybe 
that would be useful to look at standards, but that is saying you are going to 
stay in the same grade and state. (Sharon, personal communication, October 
24, 2006)
No other teachers in focus groups referred to standards in the discussion about
science or curriculum. Although there was only one mention o f standards that drive
the science curriculum within focus group data, many teachers discussed the
organization of the kits. Statements about the organization o f the district’s science
curriculum include the following:
Well, they give us the science kit and in the science kit is all the materials. 
And we have a binder with it so it’s a lot of discussion and going into the 
experiments and doing it for ourselves then for the kids. (Cori, personal 
communication, September 26, 2006)
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We have our own curriculum that the district has written so we don’t have a 
book. A lot o f the curriculum is hands-on experience with kits, so I enjoy it 
a lot because the kids are engaged. It is very little teacher talk. The kids are 
doing something active to help them understand what we are trying to 
convey (DeAnn, personal communication, October 3, 2006).
I had no exposure to any science texts so I don’t know what a teacher’s 
manual would look like. That is why we rely so heavily on the kits. You 
teach them more and more, slip in something here and streamline something 
there. The kits provide optional activities but I think not having had any of 
that exposure in undergrad I think that would be important to have. If we 
didn’t have any kits we would have no guidelines on what to teach. It would 
be so open ended, I don’t think I would enjoy doing it as much as I enjoy 
teaching science now with the kits. (Melissa, personal communication, 
October 3, 2006)
The previous statements represent positive feelings about kits and how they
are organized. Within focus groups, teachers also shared negative feelings about the
district kits. In terms o f the kits’ organization, statements included:
There are a thousand extensions and that’s kind of troublesome to look 
through everything. We should start weeding out the activities but some of 
the older teachers are set on using them and want to see them in the binder. I 
don’t want to step on anyone’s toes but some of it’s quite old and outdated. 
(Jenni, personal communication, October 12, 2006)
I think there should be some sort o f text. Not text they open every day, but 
something to explain it, because now kids are auditory learners and I ’m not, 
so I need to read it to understand. I think that kids kind of need to read it as 
well to sort o f grasp the concepts because not everyone is a kinesthetic 
learner. I never learned anything from science experiments; my lab partner 
did, but I didn’t. I think there should be some sort o f text for the kids.
(Alice, personal communication, September 6, 2006)
Additionally, one member stated that the new kits look so different from the older
kits that it was difficult to adjust to analyzing what had to be accomplished in that
kit. The next section discusses the area of discussion of background information.
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Area for Discussion #2: Background Information
The second area o f discussion found in the district kit analysis was the
amount and depth of background information provided for teachers. One o f the
reasons kits were used for document analysis was the contradictory perceptions of
teachers on the amount o f background knowledge provided by the district kits. As
previously stated, some teachers found the kits lacked appropriate background
knowledge while others believed they were effective in guiding teachers.
Statements explaining the lack of background knowledge found in kits include:
I feel like the background information that they do give you doesn’t make 
room for their questions; like, the stuff they’re going to ask is not really in 
the background information. (Sophia, personal communication, September 
26, 2006)
It’s the questions you ask yourself; like, you’re reading and you’re like 
‘okay’ but then you don’t have time to look it up or whatever. It never fails 
that those questions you ask as an adult reader are what the kids will not get 
and will ask. (Sophia, personal communication, September 26, 2006)
I would say the kits do not provide enough background knowledge for the 
topic that has to be taught. (Katie, personal communication, October 3, 
2006)
In analyzing kits, only one kit reviewed had extensive background knowledge 
provided (simple machine kit). The simple machine kit had pages o f information 
geared toward teachers. Key points were bolded and written in very large font 
across some pages o f the manual. Vocabulary terms were defined, pictures were 
provided, and articles were present for teacher use. The articles containing 
background information, however, did not seem to flow, but rather were separate 
articles pieced together on similar topics about simple machines.
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The butterfly kit (developed for first grade) provided very little background 
knowledge for teachers. The only piece o f information supplied was a picture o f a 
butterfly that pointed to and briefly described major parts o f the butterfly. 
Underneath this picture three key points were listed. One of these points states, “ A 
butterfly spins a chrysalis, sleeps at night, rests with its wings straight up, and has 
straight antennae with knobby ends” (Butterfly Teacher Manual). There was no 
mention o f why these are important or any definition o f a chrysalis. Following this 
one teacher background page came the lessons for this unit.
The matter and lightning units had more teacher background information 
than the butterfly unit. The matter unit listed common student misconceptions about 
matter and ways to change these misconceptions as well as pages labeled “Teacher 
Discussions.” Teacher discussions included reasons why things happened -  not just 
answers or general background knowledge. The information on misconceptions and 
teacher discussions were listed in the middle o f the unit with no background prior to 
the beginning o f the lessons. Furthermore, this kit provided teachers with 
information on formulas used to determine density and buoyancy that looked 
involved and difficult for fifth-grade students (this even looked difficult for teachers 
with little to no background content in chemistry). The lightning kit only provided 
one page of teacher background information in the form of bullet points. Quick 
facts were listed prior to the lesson section followed by a vocabulary list. Kit 
analysis revealed only one kit that mentioned pedagogical strategies (why KWLs
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would be a good strategy to use) within either the teacher pages or lesson plans 
themselves.
Again, it is important to examine how closely related the areas o f discussion
found in the document review of the kits were to the areas found within focus group
analysis. In respect to amount and quality o f background knowledge, teachers were
divided about the adequacy o f knowledge provided. As previously stated, many
teachers found the amount o f background information was not appropriate for the
level they were teaching. However, some teachers responded positively concerning
the kits’ background knowledge. When asked if  kits offer enough background
knowledge, one teacher responded, “Yes they do at the beginning of the unit. They
have concepts with definitions (Alice, personal communication, September 26,
2006). Another teacher commented that kits had appropriate background
knowledge for beginning teachers because they did not overwhelm them with
information yet gave them a basis for teaching. “You were comfortable as a
student-teacher or new teacher not searching for outside information. What was
given to you [kits provided by district] was reasonably adequate. It was experience
that said, ‘Okay, now I need to add to this’” (Abbey, personal communication,
October 26, 2006). Last, when asked about the amount of content needed for
elementary teacher preparation, one teacher referred to the kit by saying:
I’m not sure you would need a lot in elementary school because the lessons 
are written out for you. They basically give you sheets to teach yourself 
before you even start teaching the kids so if  you were to read over the kits 
you would learn everything you need to know. They don’t get in depth in a 
lot o f topics so it’s not like you have to be an expert on anything to be able 
to teach it. (Katie, personal communication, October 3, 2006)
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Overall, comparing focus group and document review data exposed the 
contradictory comments made by teachers. Some teachers found the kits to have an 
adequate amount of background information while others found them to be lacking. 
After viewing the kits, it was obvious some kits were better at providing teachers 
with information to aid them in teaching the units than others. The next section 
describes the third area for discussion which analyzes lesson plan design.
Area for Discussion #3: Lesson Plan Design
The third and final area for discussion is lesson plan design. Document 
review of district kits exposed how lessons were presented for teacher use. 
Generally, lessons had similar formats which included an overview o f the topic, the 
breakdown of lessons, contents o f both the teacher’s manual as well as the student’s 
manual, and final assessments. Within each lesson, the concept, estimated teaching 
time, objective, vocabulary, materials, and procedure were listed for teachers.
These lesson plans were usually very short, containing no background information 
or definitions or vocabulary words. All specific information on the lesson followed 
the lesson plan design page. The detailed lessons all varied in written materials, 
pictures, and activities. Optional activities or extensions were also listed on this 
page. Most plans, however, were written as a step-by-step guide to teaching 
science. Teachers were told not only what to teach, but how to teach it.
Assessments followed the lessons. Some lessons and assessments had 
teacher answers while others did not. The district is in the process o f revising
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assessments and this was evident within the kits. Some kits had extremely long and 
arduous assessments while others were short and applicable for students o f that 
particular age.
In analyzing focus group data in respect to areas of discussion found during
document review, it is evident that teachers commented frequently on the lessons
within the kits. Again teachers were at odds with how effective and helpful they
found the kit lessons. Although this often depended on what kits were being taught
(some were older and more outdated), teachers had different perceptions o f the
usefulness o f the lesson plan design o f the kits:
I think the curriculum we have is so teacher friendly (DeAnn, personal 
communication, October3, 2006).
The kits give us all kinds of great things. We get the machines out and we 
look at the them and figure out what simple machines are used in them. So I 
use most o f the stuff in the simple machine kit. (Jessica, personal 
communication, October 12, 2006)
Simple machines is one of the best units because it is so hands-on. (Lynn, 
personal communication, October 12, 2006)
The kit gives you a lot o f strategies to use. (DeAnn, personal 
communication, October 3, 2006)
Additionally, many liked that kits were scripted and made teaching the content an
uncomplicated undertaking. Comments that support this include:
They do a good job scripting it out for you and telling you what to do. 
(Sophia, personal communication, September 26, 2006)
All the material is there for us to use and it’s nice it is somewhat scripted 
because I do feel like I wouldn’t know how to approach it. (Ellie, personal 
communication, September 26, 2006)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
163
I go by exactly what the kit tells me to do as far as we do work in groups.
I’m not taking the information and taking the time to make cooperative 
groups out o f it or rally tables or anything like that. I’m just going by 
exactly what they give me to do. (Cori, personal communication, September 
26, 2006)
I pretty much follow what the lesson lays out for us. (Alice, personal 
communication, September 26, 2006)
Yet responses from teachers during focus groups also indicate they do not
like the lesson plan design and would like to see many kits revamped:
They [kits and lessons] are limited because teachers wrote the curriculum in 
a week and some are good while some are not good. No one pilots them and 
we use them for years after that. (Linda, personal communication, October 
24, 2006)
The second go around for each unit I felt better knowing what was in the 
kits. Sometimes things don’t work and you know it the second time around, 
not the first. This is my first time in second grade so I will see what I have 
to fix next year. (Courtney, personal communication, October 24, 2006)
I don’t look at the breakup the lesson gives me. I look at it and interpret it 
my way and I switch it around if  I feel it is needed. (Judy, personal 
communication, October 12, 2006)
What is provided in the unit in the kits is not so good. You have to find so 
many other things to add to it. Last year was my first year in this grade and I 
haven’t found those things yet. Maybe once I get a little work done and find 
them I will like it. I didn’t like it at all last year. (Abbey, personal 
communication, October 26, 2006)
Teacher comments again suggest contradictions in how they view the 
competence o f lesson plan design. Some teachers view the lessons as appropriate 
with enough strategies and content for them to satisfactorily teach students while 
others feel lessons fall short o f what is required. The next section provides a 
summary of the discussion areas found in the district kit analysis.
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Summary
A thematic approach was used to analyze district kits. The areas for 
discussion developed from the analysis included: organization and standards, 
background information, and lesson plan design. Document analysis o f district kits 
revealed much conformity in organization and layout of lesson plan design but little 
similarity o f content and teacher background information. Teachers confirmed the 
lack of consistency by providing opposing views on the usefulness of the kits, which 
was substantiated within the document analysis. For example, while the simple 
machine kit had almost ten pages of teacher background information, the lightning 
kit had less than one page. This inconsistency in the amount and depth of 
background knowledge makes it difficult for teachers to use and understand parts of 
the district kits.
Along with lack of teacher background knowledge were the deficiencies in 
pedagogy. Pedagogical strategies were not discussed within the kits and teachers 
were not given reasons for completing a lesson in the manner prescribed by the kit. 
Lesson plans were prescriptive, telling teachers what to do and how long the lesson 
should take. Little room was left for anything outside the kit’s activities. A 
summary o f both focus group areas and document analysis areas o f discussion are 
found in the next section.
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Conclusion
In this chapter, areas of discussion were used to describe the information 
acquired from focus group and document review. Six areas were identified from 
focus group data:
•  Inconsistent Experiences in Pedagogy
•  When Do We Learn This Stuff?
•  Where Do We Practice Teaching Science?
•  The Deskilling of Teachers
•  B ut... The Kids Love It,
•  “I Love Science/1 Don’t Like Science”: The Ambivalence of Teachers 
Areas for discussion used in the document analysis were organization and 
standards, background information, and lesson plan design. Although these sets of 
areas were not the same, they are important for gaining an understanding of the 
role teacher background and knowledge plays in preparation. Document analysis 
served as a form of validation for the data obtained from focus groups. Teachers’ 
perceptions o f  the kits were vastly different from one another and this could only 
be explained through deeper analysis o f the kits themselves. Following this 
analysis, it was found that the kits have many inconsistencies and lacked important 
information to guide teachers. In the next chapter, the areas o f discussion 
described above are synthesized to make connections with previous literature and 
attempt to answer the research questions discussed in this study.
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CHAPTER 5
MISSING THEORY REVEALED:
CONCLUSION AND IDEAS FOR FUTURE RESEARCH
Introduction
The purpose o f this study is to examine the quality o f elementary teachers’ 
science preparation and contribute to the literature on the construct o f PCK. This 
study attempts to identify the evolution of teachers’ science PCK, explore how 
confident teachers feel to teach science, and determine what factors led to this level 
o f confidence. Furthermore, the study examines what steps need to be taken to 
increase confidence and ability (PCK) in teaching science. Focus group interviews 
were used to capture in-depth, firsthand knowledge of the factors that influence a 
teacher’s science PCK. Focus groups were followed by document analysis of the 
district kits used to teach science.
This chapter is composed o f four sections. The first section includes a 
general summary o f areas o f discussion found in focus group data and document 
review. The second section involves determining themes from the data obtained in 
the study. The third section explains the implications o f this study. The last section 
provides recommendations and future research.
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Summary of Areas o f Discussion Found in This Study
A variety o f areas for discussion emerged from the analysis of focus group 
and document analysis data. Table 6 summarizes the areas found in this study, 
incorporating findings from the document analysis in the fourth area of discussion. 
Table 6
Summary o f Areas of Discussion
Area o f Discussion #1: Inconsistent Experiences in Pedagogy
•  Pedagogy is crucial for understanding how to teach science.
•  Teachers feel they did not receive enough pedagogical strategies in 
preparation.
•  Pedagogical training consisted o f classroom management strategies or 
demonstrating science experiments.
•  Professors who have experience in the classroom and knowledge of 
pedagogy are important for preparation.
Area o f Discussion # 2: When Do We Learn This Stuff?
•  Exposure to content is important in either college or through on-site 
district training/curriculum.
•  Content in preparation should be at elementary level.
•  Teachers felt there was a connection between confidence and 
understanding of science content.
Area o f Discussion # 3: Where Do We Practice Teaching Science?
•  Exposure to the classroom is very important in preparation.
•  Preparation classes should mandate teachers be in the classroom and 
teach science.
•  Teachers reported they were more comfortable with other subjects 
because of their increased exposure and practice in those areas.
•  Good mentors are important for beginning teachers.
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Table 6 (continued)
Area o f Discussion # 4: The Deskilling o f Teachers
•  District kit provides curriculum; some teachers feel little need for content 
besides kit. Some teachers search for additional knowledge on topics.
•  Continual revision of kits is necessary. Some are outdated.
•  Document review revealed some kits have extensive background 
knowledge while others are lacking in teacher materials.
•  Kits are prescribed and tell teachers step by step what to do in a lesson 
without telling them why.
Area o f Discussion # 5: B ut.. .The Kids Love It
•  Teachers feel obligated to teach science because students love science 
and look forward to science.
•  Students have more resources today and as a result are more 
knowledgeable about science. That prior knowledge both motivates and 
challenges teachers.
Area o f Discussion # 6 : 1 Love Science/1 Don’t Like Science: The Ambivalence of
Teachers
•  Many beginning teachers reported they do not like science or feel 
comfortable teaching it.
•  Many veteran teachers reported feeling comfortable with science.
•  Teachers who liked science usually connect liking it with students or 
hands-on curriculum/content o f science. Teachers feed off of student 
enthusiasm.
•  Teachers believed confidence was critical for effective science teaching.
•  Many teachers reported not feeling confident to teach science.
•  Teachers felt more confident with the district kits.
•  Teachers felt more confident with experience.
•  Science produces anxiety and fear in teachers.
The areas o f discussion listed in Table 6 provide a general overview of data 
collected during the focus groups and document review processes. Many of these 
areas are connected and it is difficult to separate them. For the purpose o f this 
study, these areas are grouped into two main categories related to the research 
questions: Teacher Preparation Knowledge and Experiences and Professional
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Development Knowledge and Experiences. These are further discussed in the next 
section.
Connections Between Findings and Literature
This study was completed in order to determine teachers’ perceptions o f the 
quality of their science preparation. General categories were constructed in order to 
group the areas o f discussion and find interconnections between areas and literature. 
The areas from the data collected in this study were divided into two general 
categories: Teacher Preparation Knowledge and Experiences and Professional 
Development Knowledge and Experiences. Data from this study (focus group and 
document analysis of kits) was connected to the literature discussed in Chapter 2. 
The following sections provide information on areas o f discussion found in the data 
from this study and how they connect to literature.
Teacher Preparation Knowledge and Experiences
The first theme that encompasses many areas o f discussion found in this 
study is that o f teacher preparation knowledge. Areas o f discussion that correspond 
to this category include the focus group areas o f Inconsistent Experiences in 
Pedagogy, When Do We Learn This Stuff, and Where Do We Practice Teaching 
Science?
It is important to discuss experiences by integrating how teachers were 
prepared through pedagogical experiences, content experiences, and PCK
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experiences. These three dimensions are analyzed together in order to stress the 
importance o f merging these ideas in teacher preparation rather than keeping them 
as distinct entities. Determining what experiences in teacher preparation that helped 
to prepare teachers to teach science requires looking at the focus group themes and 
making connections among findings.
Focus group data analysis supports the research that teachers do not feel 
prepared to teach science (Bencze & Hodson, 1999; Ginns & Watters, 1995;
Lumpe, Haney, & Czemiak, 2000; Mundry, Spector, Stiles, & Loucks-Horsley,
1999; Nietfeld & Cao, 2003; Palmer, 2001; Schoon & Boone, 1998; Young & 
Kellogg, 1993). This research tried to concentrate on determining the factors 
within and outside of teacher preparation that affected a teacher’s ability to teach 
science.
Analysis o f the focus group data shows teachers value pedagogy and content 
but receive little preparation in either facet to guide them in elementary science.
Most teachers reported their pedagogical training was learning classroom 
management strategies or conducting experiments in class. This, however, did not 
prepare them to teach science. Additionally, teachers reported having science 
content classes in preparation that were more advanced than they needed to teach 
and often made them feel anxious. Very few teachers recognized the importance of 
merging pedagogy and content to obtain PCK. Teachers did, however, 
acknowledge the importance of early exposure to teaching science in the classroom.
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These findings are echoed in a 1982 NSTA study on preservice preparation 
(Mechling et al.)- This report promoted having science courses designed for 
elementary teachers, mandating at least three classes in science content, introducing 
a cooperative working environment between schools and institutions, changing 
science methodology courses, and providing competent professors who had 
qualifications, experience, and interest in science to motivate beginning teachers. 
The aspects found in the NSTA study are corroborated by the findings of this study. 
Teachers recommended an elementary science course that enabled beginning 
teachers to learn science content students learn. Having an elementary science 
course would allow teachers to understand science at the depth and level they need 
to teach it.
Another aspect of the NSTA report found in this study was the collaboration 
of colleges and elementary schools. Teachers who worked in “professional 
development schools”, or schools with close ties to institutions, found it beneficial 
to be able to have access to classrooms early in their preparation. The quality of the 
methods class was also discussed in this study. Most teachers in this study 
described the futility of their methodology class. The NSTA report outlined 
characteristics essential for methodology courses. These included:
•  Survey a variety o f topics and programs
•  Provide ample hands-on-activities and experiments appropriate for 
elementary school children
•  Concentrate on the development o f basic science, accompanied by 
appropriate activities to illustrate these concepts
•  Provide more science activities and lessons geared to primary grades
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•  Provide class instruction in the step-by-step development of a typical science 
lesson at various grade levels (Mechling, Stedman, & Donnellan, 1982, p.
14)
Concurrent with information from the NSTA study, teachers in this study wanted to 
experience hands-on activities designed for elementary students, not college 
students. Teachers also felt it was important to learn how to teach science skills.
The findings from this study are also apparent within the 2004 Bayer 
Corporation Report that provided testimony about deficiencies in teacher 
preparation programs. According to the Bayer Report (2004), “Teachers want more 
emphasis (preservice education) in science than any other subject” (p. 5), and 
“elementary teachers need both method and content classes in science” (p. 6). 
Teachers in this study reported having inadequate teacher training. This study is 
supported by the NSTA and Bayer research and shows that teachers are not 
receiving adequate preparation and changes should be made in order to better 
prepare our teachers. Teachers in this study did not, however, stress the need for 
more content (besides an elementary science class) or methodology classes. They 
were focused on revamping the classes they took rather than adding to their course 
o f study.
Although this study’s findings concur with the NSTA and Bayer Report, it 
has been 25 years since the release of the NSTA study and its recommendations. It 
is disturbing that problems with teacher training 25 years ago are still occurring 
today. Despite insight on what teachers need to feel more prepared, teacher 
preparation programs have not changed.
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A comparative study conducted by Wilson, Floden, and Ferrini-Mundy in 
2001 found five characteristics that were important to teacher preparation. These 
components were clinical training, teacher preparation policies and strategies, 
alternative certification programs, subject-matter preparation, and pedagogical 
preparation. Three of the five were also recognized in this study by teachers. 
Teachers found clinical training or experiences in the classroom were important to 
their preparation. Teachers also found subject-matter and pedagogical preparation 
to be important.
Similar to this study, research by Ginns and Watters (1995), Schoon and 
Boone (1998), and Young and Kellogg (1993) illustrates a need for change in 
teacher preparation. These researchers advocate changes to traditional science 
content classes and methodology classes. Along with changes to science classes, 
these researchers agree with Nietfeld and Cao’s (2003) account that preservice 
teachers are not receiving enough experiences in college to prepare them to be 
teachers. Experiences include those inside a college class as well as those 
opportunities teaching students. The focus group participants in this study strongly 
promoted the need for more time in the classroom during preparation. This was 
provided with other subjects but not for science. The paradox, however, is that if  
little time is spent teaching science in elementary classrooms, how can prospective 
teachers gain experience or be exposed?
The last part o f Question 1 deals with how pedagogy and content converge 
to create PCK. Shulman (1987) describes PCK as the way in which teachers teach
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the content. Cochran, DeRuiter, and King (1993) further emphasize the need for 
subject knowledge, pedagogy, knowledge of students, and knowledge of 
environmental contexts. In this study, little data was directly discovered about 
PCK. Although PCK is an evolving construct, teachers had no understanding of its 
role in their preparation or practice. Teachers did comment on the importance of 
pedagogy and content, such as the comment by one teacher: “I think it goes hand in 
hand with content. You should have a grasp o f content and strategies” (Courtney, 
personal communication, October 24, 2006). PCK is a difficult phenomenon to 
understand and describe. Loughran, Gunstone, Berry, Milroy, and Mulhall (2000) 
propose elements that comprise PCK. These include views o f learning, views of 
teaching, understanding content, knowledge and practice of students’ alternate 
conceptions, time o f teaching and learning, contextual environment, understanding 
students, views of scientific knowledge, pedagogical practice, decision making, 
reflection, and the explicit and implicit parts of teaching. The findings o f this study 
were analyzed according to these ideas and it is evident from teacher responses that 
teachers do not view many elements described by Loughran et al. as part o f the 
process in teaching science. For example, teachers made no mentions o f context or 
alternate conceptions or scientific knowledge. Teachers were concerned with how 
to teach (pedagogy), what to teach (content), early exposure to science teaching, and 
how students and others impact their teaching (including student reactions and the 
role mentors and professors play in teacher knowledge).
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The lack of discussion of the remaining characteristics mentioned by 
Loughran et al. (2000) also provide information about teachers’ PCK. It is my 
belief that not mentioning students’ misconceptions, decision making, reflection, or 
any other idea not discussed, could be a product o f the district kits used for science. 
The use o f district kits provided another dimension to the experiences that affected a 
teacher’s ability to teach science. The use o f these kits and findings from this study 
were further analyzed in addressing the second research question.
In summary, teachers in this study did not feel prepared to teach science, 
partly due to their preparation. Pedagogy was lacking in college, content was 
insufficient, and experiences were minimal in science. These three facets are seen 
as important in the research for creating a proficient teacher. Research indicates the 
need to alter teacher preparation programs in order to address the lack o f time and 
quality o f preparation. Science PCK is what allows teachers to teach science 
effectively. Without proper pedagogy, content, and experiences in the classroom, 
science PCK cannot be properly constructed. The next section discusses the second 
research question and areas for discussion that help address this question.
Teacher Practice and Professional Development Experiences
The second set o f themes entails teacher practice and professional 
development experiences. These include the focus group themes o f the district 
curriculum, students knowledge and feelings towards science, and teachers’ self­
perceptions and feelings toward science. Additionally, this group of themes
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incorporates the areas o f discussion found within document analysis (organization 
and standards, background knowledge, and lesson plan design).
Beginning teachers enter the classroom with the knowledge and experiences 
from teacher training. They learn their craft from training and hands-on 
experiences. The themes found in the focus group data that demonstrate 
experiences outside of teacher preparation that help teachers build their 
understanding of how to teach science include the use o f the district curriculum, 
student knowledge and feelings toward science, and teachers’ self-perceptions and 
feelings towards science. These three areas are woven together to provide an 
explanation of how and why teachers develop their skills to teach.
In the district studied, science is taught through the use o f teacher-developed 
kits. The structure o f the kits and curriculum are designed to give teachers direction 
on how to teach science. Teachers felt science was rushed and often cut out o f the 
curriculum if  they were short on time, even though they had to meet district 
mandates on time spent on science. This corresponds to research by Ginns and 
Watters (1995) and the Bayer Corporation (2004), who report that science 
instruction is rarely occurring and not stressed in elementary school. Kubota 
(1997); Mechling, Stedman, and Donnellan (1982); and Schoon and Boone (1998) 
report teachers tend to ignore science because they feel inadequate to teach it.
Similar to findings in this study, teachers described feelings o f inadequacy. They 
did, however, report feeling more confident with the use of district kits.
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It is important to evaluate the district kits and look for consistencies between 
document review data and focus group data. Three additional areas o f discussion 
were acknowledged through examination o f district kits. Areas o f discussion found 
within the kits included organization and standards, background knowledge, and 
lesson plan design. Each o f these areas is important for teachers to use in the 
construction o f science lessons. It was found in the document review that the kits 
contained binders with similar arrangement. Standards were apparent at the 
beginning of the unit (kits contained binders with topics specific for each grade) 
with an emphasis on what students should know and be able to do. Each kit looked 
quite similar in design. Additionally, most kits had sections o f teacher background 
knowledge.
Teachers were divided on whether or not the kits had enough background 
knowledge. Examination o f the kits showed this was a problem. Some kits had an 
overabundance o f background information while others had very little. It is my 
opinion that the teacher background knowledge sections need to be updated to make 
the kits teacher-friendly. Important to this discussion is that o f PCK. Research 
shows that teachers who had enough science content or pedagogy in college felt 
more comfortable with using the district curriculum (regardless of background 
knowledge provided in the kit) (Cochran, DeRuiter, & King, 1993; Shulman, 1987).
Additionally, it is important for teachers who develop or update the kits to 
remember the role the kits have in all the classrooms. Teachers with more 
experience tend to understand the content they are teaching and are able to delve
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into topics with more depth. Conversely, teachers with less experience have less 
confidence in their abilities and knowledge about the topic and need more general 
background knowledge. Kits should meet the needs o f both these types o f teachers 
by providing an overview of the topic as well as comprehensive material that 
attempts to answer student questions.
The last area o f discussion found in the document review was that of lesson 
plan design. Lessons were found to be similar in structure. They also were 
prescriptive and gave teachers instructions on how to teach the lesson. Teachers 
reported they typically did not stray from the lesson plans. Again, only those with 
more confidence and who felt more comfortable with science were able to expand 
beyond the dictated lessons.
Participant responses during focus groups also indicated feelings o f low self- 
confidence. Low self-confidence, or self-efficacy (Bandura, 1994), is shaped by 
one’s belief in his or her ability to teach. Self-efficacy is constructed by the 
knowledge and experiences teachers bring to teaching (Schunk, 2000). Lumpe et al. 
(2000), report that low self-efficacy produces anxiety in teachers. This view is 
confirmed within the data from this study. Teachers reported feeling anxious and 
unsure about teaching and learning science. According to Stevens and Wenner 
(1996), teachers teach subjects in which they feel comfortable and confident. 
Therefore, if  teachers do not feel confident or have self-efficacy in science, they will 
either not teach science or teach as little content as possible. This again was evident 
in the study findings.
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Research (Nietfeld & Cao, 2003) finds teacher self-confidence can be 
increased if teachers take active roles in their learning. Findings from this study 
show that teachers who had more confidence were more likely to use outside 
sources to supplement the kits. Teachers with low confidence or content in science, 
did not use outside sources and relied solely on the kits. If the kits were inadequate 
at providing background information, teachers did not seek additional resources.
One finding from this study that is unsubstantiated by the literature is the 
effect students’ love for science has on teachers. According to teachers in this 
study, they often taught science or liked teaching a specific unit because students 
enjoyed it. Student enthusiasm made science more enjoyable for teachers. 
Additionally, teachers report students know more and have more experiences with 
science than in the past. According to a 2003 Bayer Corporation survey, Americans 
believe science is important and infuses everyday life. Data from this study 
corroborates this finding. Teachers believe students have more knowledge about 
science and thus ask more questions in class. This quest for knowing more science 
and asking more questions could be another reason teachers are reluctant to teach 
science when they have low self-efficacy.
Summary
Teachers learn how to teach through a variety o f sources and experiences. 
Findings from this research indicate that the experiences in preparation programs, 
such as content, pedagogy, and classroom teaching time, are integral to how
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teachers feel about teaching. Shulman (1987) explains that teaching science 
involves PCK. Teachers who have science PCK feel more confident and 
comfortable teaching science. This research also shows that experiences outside of 
teacher preparation programs are important for teachers. These include the presence 
and quality o f a district curriculum, students’ feelings and knowledge of science, 
and teachers’ feelings about teaching science. This study finds teachers rely on the 
district’s curriculum because o f their own lack o f experiences in college. 
Furthermore, teachers, although feeling anxious and uncomfortable teaching 
science, will do so in order to satisfy student love and curiosity for science.
Teachers do report, however, spending less time on science and pushing it off if  
time does not permit. The next section looks at the implications of the study.
Implications
In order for all students -  regardless o f age, gender, cultural, or ethnic 
background, disability, aspiration, inspiration, or motivation -  to achieve in 
science, they must have access to highly-skilled professional teachers, 
adequate classroom time dedicated to science learning, and quality science 
learning materials. (Bayer Corporation, 2005, p. 6)
The purpose o f this study is to examine the quality of elementary teachers’
science preparation and contribute to the literature on the construct o f PCK. It is
important to look at the reasons this topic was chosen to be studied. Science is an
integral part o f our society (Bayer Corporation, 2003). Despite its importance,
students are not scientifically literate nor are receiving an adequate science
education (U. S. Department o f Education, n.d.). The belief that American students
are not getting a sufficient education permeated the nation for over fifty years.
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Events in our history such as Sputnik, A Nation at Risk, Goals 2000, NCLB, and 
STEM initiatives have catapulted the nation into reassessing the quality of 
American science education. Following each event, legislation and national 
mandates were adopted to repair the lack o f science education in our schools. 
Elowever, the problems o f illiterate students and ill-prepared teachers persisted 
despite reform efforts.
The intent o f this study was to look at one important feature o f the problems 
facing American education elementary teachers, the ability to teach science. In 
doing this, research was analyzed concerning what makes a teacher able to 
effectively teach science. Shulman’s idea of PCK serves as the conceptual 
framework for this study. PCK cannot be measured by individual benchmarks but 
rather encompasses a teacher’s understandings, knowledge, and strategies needed to 
teach.
A variety o f quantitative studies (Bayer Corporation, 2004; Mechling et al., 
1982; Wilson et al., 2001) have been done examining if  beginning elementary 
teachers feel prepared to teach science. This research overwhelmingly agrees that 
teachers do not feel confident teaching science. Little research, however, is 
available on why teachers do not feel confident or, more importantly, ways to 
remedy this situation. Although reports like A Nation at Risk and NSES called for 
teacher preparation reform, teachers are still having similar feelings and experiences 
as prior to the reform efforts. Little has changed in teacher preparation.
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As stated earlier, teacher preparation reform is but one element o f this 
multidimensional problem. This study aims at determining the factors that affect 
teacher preparation in order to help improve a teacher’s science PCK. Research 
suggests enhanced PCK leads to increased student achievement (Sandholtz & 
Wasserman, 2001; Sparks, 1992; Warren, 2002). The next section discusses the 
construct of PCK and how to add to this model for effective teacher preparation.
Missing Pieces of the Puzzle: Construct o f PCK
The most significant implication from this study comes as a result o f the 
conceptual framework. At the beginning of this study, PCK was viewed as a model 
for teacher preparation. However, after careful examination of the literature and 
analyzing data, it is evident that PCK is an incomplete model for teacher 
preparation. The construct o f PCK suggests the importance of converging pedagogy 
and content in order to develop ways to teach students. Some authors add other 
domains, like context or knowledge of students, in the model. Figure 1 in Chapter 2 
demonstrated how two authors connected Shulman’s components o f PCK. The 
problem with this PCK model is that it does not provide details about when PCK is 
developed for teachers or how it is developed. Without knowing when and how 
PCK occurs, how can preparation programs and districts enhance their programs to 
meet the needs o f the 21st century?
This study was designed to listen to teachers’ perceptions o f their learning 
and understanding of science. Although valuable data were gained during this
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process, more questions were raised about PCK and what makes a teacher a teacher. 
The first step was to re-examine the terms previously defined in this study. The 
operationalization of these words evolved from the study’s literature and findings:
•  Scientific literacy: Process and love for scientific inquiry
•  Pedagogy: Knowledge and application o f strategies that facilitate 
student learning
•  Content: Knowledge o f basic science principles, how concepts are 
connected, and being scientifically literate
•  PCK: An evolving construct that promotes authentic teaching and 
learning
In addition to redefining words, it is necessary to discuss the components o f the 
PCK model and how these have evolved from this study. Figure 2 is my 
interpretation o f the missing components o f PCK that were established in this study 
(integrated into Morine-Dershimer & Kent’s (1999) original manifestation of PCK).
My model builds off the previous model but uses additional information 
gained from the data in this study as well as personal reflections. As I conducted 
this study I thought about what made teachers who seemed to like science and “get 
it” different from those who did not. Relying on data and personal experiences in 
teaching, I realized that teachers who actively sought out knowledge and strategies, 
had more PCK than those who just used kits. The conundrum with this realization 
is how do we get teachers to actively seek out knowledge when they fear science? 
This is where preparation programs are crucial. I do not believe teachers have 
developed complete PCK in preparation programs. Teachers cannot develop 
strategies o f teaching until they are faced with the task o f teaching. Although 
student teaching and experiences within teacher preparation programs aid in this 
development, these experiences do not represent the entire undertaking of teaching.



































Procedures, Evaluation of 
Outcomes
Educational Ends, Goals, 
Purposes, and Values
Teacher actively seeks out new 
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Reflects on their PCK
Figure 2. Reconstruction of the Science PCK Model.
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Thus, PCK begins developing in teacher preparation and matures with practice and 
professional development (both informal and formal).
Other components to my model include the current trend in science 
education, STEM initiatives. In order for elementary teachers to begin walking 
away from kits and towards the construction o f their own science understanding, 
they must understand and respect the role science plays in our world. Two other 
important changes in my model are the connections between content topics and 
understanding student misconceptions. The interrelatedness of science is crucial for 
understanding the big picture. Additionally, teachers need to know student 
misconceptions and how to dispel them.
The reconstruction o f the PCK model aids in understanding the components 
that facilitate learning. Although PCK was the conceptual framework of this study, 
effective teaching requires more than PCK. It requires teachers to appreciate and 
understand science. I refer to this as authentic teaching and learning. Authentic 
teaching and learning encompasses the teaching aspect as well as the self-learning in 
order to promote understanding. Additionally, the parts added to my model of 
PCK/authentic teaching and learning include characteristics echoed from the 
NBPTS five core propositions. The five core propositions comprise one framework 
that may aid in further developing the construct o f PCK:
1. Teachers are committed to students and their learning.
2. Teachers know the subjects they teach and how to teach those subjects to 
students.
3. Teachers are responsible for managing and monitoring student learning.
4. Teachers think systematically about their practice and learn from 
experience.
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5. Teachers are members of learning communities. (National Board for 
Professional Teaching Standards, 2004)
Each proposition describes components integral for enhancing PCK.
Along with constructing a new PCK model, it is important that teacher 
assessments are re-examined. As discussed earlier, states mandate different criteria 
for teacher preparation programs and for teachers to obtain certificates. The 
assessments, however, are rarely changed. In Illinois, teachers must pass multiple- 
choice tests in order to receive their certificate. If the purpose o f education is to 
create life-long learners and instill in students and teachers an appreciation for 
learning a diverse range of subjects, why are we testing them with objective-based 
measures? The model o f PCK suggests enhanced PCK leads to improved 
understanding and teaching of science. State accreditation and standards have 
changed in order to address the components necessary to be a teacher (PCK, 
knowledge o f students, knowledge of context, etc.), yet assessments to ensure 
teachers are qualified have changed little. A re-examination o f assessments is 
needed to rectify this discrepancy. When considering the implications o f this study 
it is also important to discuss the various stakeholders. Each stakeholder is 
highlighted in the following sections.
Elementary Teachers
This study not only examined teachers’ experiences and feelings towards 
science preparation, it enabled them to reflect on how they feel about science.
During the focus groups teachers were able to connect their past experiences with
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their present practices. Teachers recognized why science was often cut out o f their 
day and how this impacted the students. Furthermore, teachers were able to discuss 
their feelings towards science and compare how many o f them had similar 
experiences or opinions. For example, it was not until the end of one focus group 
that a participant mentioned feeling anxious when in science class in college.
Others quickly agreed and seemed to feel relieved they were not alone in this 
feeling.
One aspect o f developing PCK in the reconstructed model o f PCK is 
reflection. Reflection allows teachers times to analyze and improve their teaching. 
An example o f teacher reflection that occurred during a focus group was when a 
participant asked if  other teachers loved science. She recognized that their answers 
would affect how they responded to focus group questions. It is my hope that 
teachers involved in this study were able to reflect on why and how they teach 
science. The next section looks at how this study aims at informing university 
teacher preparation programs.
Teacher Preparation Programs
The two research questions in this study involved experiences inside and 
outside of preparation programs. Factors that affected teacher training were 
pedagogy, content, and classroom experiences. It is imperative teacher preparation 
programs change how they prepare teachers to teach science in order to meet the 
needs o f the teachers. Teachers reported a lack o f pedagogy, subject-specific
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content, and experiences in the classroom. These factors are rooted in preparation 
programs and need to be evaluated for effectiveness. As stated earlier, little change 
has occurred in teacher preparation; teachers report feeling as unprepared today 
(including in this study) as they did 25 years ago. This study serves as another plea 
to reform teacher preparation and make it more practical for teachers. The next 
stakeholder addressed is school districts.
School Districts
The second research question in this study focused on experiences outside 
preparation programs that helped prepare teachers. It was not the original intention 
o f this study to concentrate on the district curriculum but it was evident that the kits 
were fundamental in the process of teaching science within this district. Kits were 
more than a resource for teachers; they were their only means o f knowing what and 
how to teach. Due to the lack of adequate college preparation, teachers relied solely 
on the kits for guidance in teaching science. The district chosen for this study was 
purposefully chosen in order to represent an ideal case. An ideal case is used to 
allow researchers to make generalizations from one case study (e.g., this district) 
and apply it to another. Ideal case studies were further explained in Chapter 3.
In making this district an ideal case, it is clear this study serves to show 
districts how much professional development is needed for elementary teachers. 
Although this district did not provide professional development for teachers, kits 
acted as a means for developing science knowledge and skills. The only problem
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with the kits was the pressure teachers felt to recite lessons verbatim from the kit. 
Whether this pressure was due to the district, the school, peers, or self-imposed, 
teachers felt tied to a very specific curriculum.
Elementary teachers teach four or five different subjects and have little time 
to adequately prepare for each. As a way to remedy this, the district studied 
developed kits to aid in science teaching. Teachers’ lack of formal training and 
preparation in science make them feel unprepared to teach the subject, thus causing 
them to rely on kits. Regardless of the quality o f the kits (in background knowledge 
or lesson plans), beginning teachers reported they did not deviate from the kit. This 
is significant because districts need to understand the importance o f providing 
accurate and thorough information (in kits or books) to elementary teachers. It is 
also important because the kits are deskilling teachers.
Deskilling refers to the lack o f skill and new knowledge teachers develop 
because they rely on district kits for their curriculum. Instead o f building their own 
knowledge and skills associated with a topic, teachers are using kits that have been 
scripted for them. This not only does not promote PCK, it reduces PCK or the skill 
o f teachers. The district developed kits in order to aid teachers in inquiry-based 
learning methods for science. Due to a lack o f content and confidence in science, 
kits were also meant to help teachers teach science without having to put in too 
much time and effort (this time and effort was reserved for the “important” subjects 
like mathematics and literacy). The result, however, causes some teachers to rely on 
the kits alone for science instruction. Although teachers report the kits do not have
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enough background information on each topic, some do not seek additional 
knowledge or skills outside of the kit. Deskilling occurs by teachers depending on 
district kits alone. PCK can be enhanced by seeking out knowledge and skills and 
adding this knowledge to the prior knowledge o f a teacher. Instead of inspiring 
teachers to seek this out, the kits often lead teachers to rely on this curriculum 
knowing it is not adequate to answer student questions. This leads to teachers using 
the kits as scripted material rather than a way to facilitate teaching in addition to 
their own understanding of the subject.
This research provides evidence for this district that teachers not only rely on 
kits but need more background information to help them answer student questions 
and facilitate science literacy in their students. Additionally, the kits used in this 
district were teacher developed. The question must be asked, Were these teachers 
qualified to develop these kits? If the teachers in this study were unfamiliar with the 
construct of PCK, how could they effectively produce kits that facilitated learning? 
Kits were designed to be “teacher p roo f’ and ultimately deskill teachers from 
learning how to teach. PCK was not developed in the teachers within this study 
because of their reliance on PCK-lacking kits. The next section describes how the 
students are significant to this study.
Students
The need for this study stemmed from the lack o f science literacy in society. 
As reported by the Bayer Corporation (2003), U.S. Department of Education (n.d.),
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Robles (1998), and Watters and Ginns (1997), changes in the world require an 
increased recognition and understanding of science skills and knowledge. This 
study is significant for students because o f the relationship between what and how 
students are taught and teacher understanding and knowledge (PCK) o f science. As 
previously cited by Plourde (2002) and Warren (2002), there is a link between high 
teacher self-efficacy and student achievement. In order to help assist students to 
understand and achieve in science, teachers need to feel more comfortable with 
science. As found in this study, teachers had more enthusiasm for science when 
students were excited about the topic. This study is important to show the 
relationship between student and teacher feelings about science.
Since student enthusiasm affects teacher feelings about science, it is obvious 
to ask if  teacher enthusiasm affects students’ feelings about science. Although this 
question is outside o f the scope o f this research, it is important to recognize the 
possibility that teachers can affect how students feel about science. Teachers report 
elementary students enjoy science. As students leave elementary school and enter 
middle and high schools, they tend to lose this enthusiasm for science and begin 
dreading the subject. It is my belief that this comes from two main causes. The first 
cause is the complexity o f  the topic as students progress through school. Not only 
are students rarely assessed in science, they do not focus on state test scores in 
science. Science becomes more important and difficult as students enter high 
school. Students tend to dislike this level o f difficulty and amount o f work required 
to understand the topics. The other reason revolves around teachers. Again it is my
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belief that students start to realize teachers dislike science and feel inept at teaching 
it around middle school. It is at this time student feelings become negative toward 
the subject. Understanding the role o f science and the importance it plays in our 
lives, teachers and students can appreciate science and begin to experience positive 
feelings towards learning science. The last stakeholder is society. This is discussed 
in the next section.
Policy Makers and Society
This study is significant for policy makers and society because it examines 
how and why it is necessary to effectively prepare elementary teachers. The case 
for science education and science literacy has already been made in this study. The 
importance of science has also been addressed in this study. Science, technology, 
and literacy in these fields are viewed as critical components o f society, yet there is 
no push to create enduring reform in order to prepare teachers to teach these topics.
This study included a literature review o f past reform efforts. Up until this 
time science reform has been reactive, not proactive. Reform only occurred after an 
event or release o f a national report. Once the crisis that instigated the event was 
over, the need for educational reform dissipated. This study serves as a call for 
proactive educational reform. As a society we need to learn from past reform 
efforts and construct meaningful, long-lasting reform that truly changes the 
problems in education. We also need policy that facilitates science learning and 
teaching.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
193
The literature review discussed the addition o f science to NCLB testing 
starting in the 2007-2008 school year. It was also stated that although policy 
makers believed science should be tested, schools were not required to meet any 
criteria for progress (AYP). Up until this mandate, science was not viewed as 
important in elementary school and so was not tested. With the STEM education 
push and enactment o f ACI, science is once again in the forefront of society. 
President Bush announced that in the 2008-2009 school year science would be part 
o f AYP. The President commented on the lack of science accountability and said in 
order for science achievement to be integral, like math and literacy, schools had to 
be held accountable. It made no sense to test in science when the scores were not 
counted. This change from no science testing to now part o f the accountability 
system tells us that science is seen as an essential part of elementary school. This 
study has implications for policy makers and society in that policy must be enacted 
that not only makes sense but also helps students and teachers become science 
literate.
The next section discusses the recommendations made from this study. The 
findings from this study justify six recommendations. At the end o f this section are 
suggestions for future research.
Recommendations
The process of reviewing literature, devising a study, and implementing the 
study has been a purposeful endeavor. It is my desire that this study can be used to
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help better prepare elementary teachers to teach science. Although data from this
study is limited to the context o f the district, using the district as an ideal case helps
to make general recommendations on what teachers feel they need to be effective in
science instruction.
The first recommendation comes as a result o f the lack of consistent
standards, preparation practices, and PCK in teacher preparation programs:
Universities and colleges should analyze their teacher preparation programs 
and alter them to adequately prepare elementary teachers in the fie ld  o f  
science in accordance with national and state initiatives.
Teachers have reported they did not feel prepared leaving their college or university.
Part o f the reason for this was the lack o f pedagogy received in their methodology
class. Although classroom management skills are crucial for teacher development,
more than this is needed in order to teach science. Furthermore, teachers reported
conducting experiments in their methodology class but found this was futile in their
jobs. For experiments to be beneficial for prospective elementary teachers, they
need to be appropriate for elementary students, and teachers need to grasp reasons
the experiments work.
The next two recommendations are a result of the lack of teacher PCK:
Elementary teachers should continue to develop their science PCK by 
increasing their content knowledge and utilizing new pedagogical strategies. 
Rather than relying solely on kits, teachers should develop their OWN 
understanding o f  science and ways to teach it.
Elementary teachers should work on dispelling feelings o f  anxiety associated 
with science by increasing their confidence to teach science. This can be 
accomplished through continual positive exposure to science content classes 
and experiences.
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Elementary teachers who reported having more content and pedagogy classes in 
college were more comfortable teaching science. Having more science PCK 
enables a teacher to use a variety o f strategies to reach students. Research has 
shown a link between PCK and confidence. Confidence in teaching science is 
usually increased as a teacher continues teaching the subject (more exposure to 
topics and curriculum); however, teacher confidence can also be addressed in 
teacher preparation. The second teacher recommendation encompasses ways to 
increase confidence in science.
This study found teachers have feelings o f anxiety when science is discussed 
or experienced. Research associates student achievement and teacher self-efficacy. 
When teachers have low self-efficacy, they are often plagued with feelings of 
anxiety and are uncomfortable with the topic (Lumpe et al., 2000). To liberate 
teachers from feelings of science apprehension, teachers need to be aware o f how 
they feel and attempt to learn more about science content and strategies. In this 
study, teachers reported feeling more comfortable and less anxious as they had more 
time in the classroom teaching science. Rather than just wait for this to occur as the 
teacher obtains tenure from a district, I advocate having positive interactions with 
science lessons and experiments both during teacher preparation and as professional 
development (formally provided by the district or informally attained through 
teacher exploration).
The next recommendation results from the reliance on kits that deskill 
teachers:
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School districts should analyze their curricula in order to impart sufficient 
content and pedagogical strategies fo r  teachers to effectively teach science. 
In order to create teachers with high levels o f  PCK and facilitate student 
learning, districts must be careful about using kits or materials that deskill 
their teachers.
Fundamental to the responses from the participants in this study was the reliance on
district kits. Although not all districts have teacher kits, nor do all have similar
demographics or contextual situations, this study suggests the magnitude o f having a
hands-on, appropriate curriculum. Employing kits allowed teachers in this district
to feel more comfortable with content and more willing to teach it. Additionally,
districts need to understand how elementary preparation programs prepare teachers
and be willing to supplement content and strategies in order to build teacher science
PCK via professional development opportunities.
Findings from this study also indicate how teachers and districts do not
emphasize science. This may imply that even if professional development were
provided to enhance science PCK, teachers would not be willing to partake in the
opportunities. I would suggest districts make all subjects part o f professional
development and mandate that teachers enhance their education with classes or
professional development experiences in each area.
The next recommendation is a meta-policy intended for policy makers. This
recommendation is a result o f the push for STEM initiatives:
Prior to the formation ofpolicy, skills and knowledge must be taken into 
consideration. Policy leaders are urged to create national policy that 
facilitates quality education in teacher preparation programs.
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It is important to recognize the role policy makers play in education. National and 
local policy provides parameters for programs, grants, and projects. Without 
appropriate policy that ensures quality teacher preparation, PCK does not occur.
The STEM initiatives discussed in Chapter 2 illustrate how educational change is a 
concerted effort by many stakeholders. Policy makers are critical to this process. I 
recommend making meta-policy for policy makers. Meta-policy should be made by 
educators who understand the role o f PCK in teaching and want to find ways to 
enhance PCK, thus leading to higher student achievement and improved student 
science literacy.
Last, I recommend further research in elementary teacher preparation. This
recommendation came out o f an incomplete model for teacher preparation.
Although the PCK paradigm is used by many policy makers and organizations as
the model for teacher preparation, there is little known about how it is developed.
Researchers in the fie ld  o f  elementary science education are encouraged to 
continue to fin d  ways to measure and improve teachers ’ science PCK.
Analysis o f this study demonstrated the difficulties in measuring teachers’ PCK.
There is no set o f objectives that determine PCK. PCK represents all knowledge
and skills that enable teachers to teach. Being able to measure PCK allows for
stronger regulations in teacher preparation programs.
Overall, the recommendations made were meant to help prepare elementary
teachers to teach science. The next section expands on the last recommendation for
further research and discusses future research important for teacher education.
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Future Research
This study examined elements that prepared elementary teachers to teach 
science. It delves into a variety o f themes and findings significant to teacher 
preparation such as quality o f education and district curriculum. Findings from this 
study indicate the importance o f other factors in teacher education. Two themes 
prevalent in this study were the link between district kits and teacher 
confidence/preparation and the link between student interest and teacher willingness 
to teach science. I advocate more research be conducted in these areas.
Research should focus on different types o f district curricula and the 
connection between teacher preparation and confidence to teach science. There are 
many textbook company kits available for teacher use. There are also districts, like 
the one in this study, that have developed their own kits. Further research is needed 
to look at the effectiveness of teacher background and how this relates to teacher 
self-efficacy. The kits made following Sputnik and A Nation at Risk tried to provide 
information for teachers and be “teacher proof,” but failed. Are the kits today, 
whether textbook-made or district-made, any better? Do these provide teachers with 
enough information to foster science literacy in students despite the lack of adequate 
teacher preparation?
Another important facet in teachers feeling prepared, confident, and willing 
to teach science is the impact students have on this process. It was reported 
numerous times that student interest and enthusiasm for science sparked teacher 
interest and willingness to teach the subject. Additional research is needed to study
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this phenomenon to determine if it exists outside of this district and how to continue 
to foster it. Additionally, I am interested in finding why and how students seem to 
lose interest in science. Teachers report students have a love for science in 
elementary grades but tend to lose this by high school (also evident in my 
experience with freshman science students). Why does this happen? Are there 
curriculum changes that make science less fun? Do teachers teach science 
differently in upper elementary or middle school that turns students off to the 
content? Ultimately, can teachers and districts prevent this from happening, which 
may in turn make people (and future teachers) less anxious and afraid o f science?
Conclusion
The goal o f improving teacher preparation is to increase student science
achievement and literacy. According to the Bayer Corporation (2006):
Research has shown that students begin to lose interest in science by the 
third grade. The key to changing this trend lies in strengthening science 
education beginning in elementary school. After all, this is when we have 
our best chance to get students interested in the subject and begin developing 
their science literacy skills. 3)
In order to help procure high student interest, achievement, and literacy in science,
the amount and quality o f elementary science education must be evaluated and
transformed. One ingredient in this dilemma is the quality o f teacher preparation. It
has already been established that student enthusiasm encourages teacher enthusiasm.
With any luck, if  teachers are better prepared and feel confident and positive about
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
2 0 0
science education, their interest in science will spark curiosity in students, leading to 
a more literate and scientifically savvy society.
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!t is im portan t for you  to  n o te  th a t as a re sea rch  in v es tig a to r in v o lv ed  w ith  hu m an  sub jects, y o u  
a r e  r e s p o n s i b l e  f o r  e n s u r i n g  t h a t  t h i s  p r o j e c t  h a s  c u r r e n t  I R B  a p p r o v a l  a t  a l l  t i m e s ,  a n d  f o r  
r e t a i n i n g  t h e  s i g n e d  c o n s e n t  f o r m s  o b t a i n e d  f r o m  y o u r  s u b j e c t s  f o r  a  m i n i m u m  o f  t h r e e  y e a r s  
a f t e r  t h e  s t u d y  i s  c o n c l u d e d .  I f  c o n sen t fo r th e  study  is b e in g  g iv en  by  proxy  (g u ard ian , etc.), it 
is your resp onsib ility  to d o cu m en t th e  au th o rity  o f  th a t p e rso n  to co n sen t fo r the sub ject. A lso , the 
co m m ittee  recom m ends that you in c lu d e  an  a ck n o w le d g m e n t by the su b ject, o r the sub ject's 
rep resen ta tive , th a t he o r she  has rece iv ed  a copy  o f  the  co n se n t form . In ad d itio n , you  are 
requ ired  to p rom ptly  report to the  IR B  any  in ju ries  o r  o th e r u n a n tic ip a ted  p ro b lem s or risks to 
sub jects and others. P lease  accep t m y b est w ishes fo r success in  y o u r resea rch  endeavors.
C P /ska
cc: N .  D orsch
J. L ieberm an 
C. Law s
Institu tional R ev iew  B oard  m em b ers 
O R C  (#2259)
N orthern Illinois U niversity  is an Equal O pportunity /A ffirm ative Action Institution.
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Consent Form
You are being invited to participate in a research study entitled “Examining the Role of 
Pedagogical Content Knowledge in Elementary Science Teacher Preparation.” The researcher 
for this study is Kirsten Mahoney, a faculty member at York High School and a doctoral 
candidate at Northern Illinois University.
The purpose of this study is to examine elementary science instruction preparation in order to 
explore the strategies used by universities and colleges to prepare elementary teachers to teach 
science. You will be given the opportunity to discuss the quality o f  your teacher preparation in 
science and what changes can be made to enhance this quality for other beginning teachers. This 
study focuses on the development of instructional strategies and science content otherwise 
known as Pedagogical Content Knowledge (PCK). This study researches beginning teachers or 
those on initial certificates.
If you choose to participate, you will be asked to share your perceptions and experiences related 
to your elementary preparation. This information will be gathered through focus groups with the 
researcher. Focus groups will consist o f 4-6 elementary teachers on initial certificates from the 
District. These will be conducted at each of the elementary schools in the fall o f2006 and take 
about 90 minutes to complete. You will also be asked to fill out a short informational survey 
describing your education and work experience prior to the start .of the focus group. You may be 
selected to participate in a follow-up focus group. Focus groups will be videotaped.
There are no foreseeable risks or discomforts associated with your participation in this study. 
Benefits of this study include providing you with an opportunity to discuss your teaching 
preparation and gain insight on how your science PCK has evolved.
All information gathered during this study will be kept confidential by using pseudonyms for the 
district, the schools, and the teachers involved. While focus group participants will be asked not 
to repeat statements or comments made by others during a focus group, confidentiality among 
members of the group cannot be guaranteed.
Participation in this study is completely voluntary. You are free to withdraw from the study at 
any time during this process, including after agreeing to participate. Refusing to participate in 
this study will result in no penalty or loss of benefits.
Any further questions about this study should be addressed to the researcher or the dissertation 
advisor for this study.
Kirsten L. Mahoney, researcher Dr. Joyce Lieberman, advisor
311 Hopi Ct 162 Gabel Hall, Northern Illinois University
Carol Stream, EL60188 DeKalb, IL 60115
630/752-0538 815/753-5611
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If  you would like further information regarding your rights as a participant, you may contact the 
Office of Research Compliance at Northern Illinois University at 815/753-8588.
I agree to participate in this research study and acknowledge that I have received a copy o f this 
consent form. Please sign below.
Signature of participant Date
I agree to participate in the focus group as part o f this study. I understand that the focus group 
will be videotaped and that the videotape will be kept private until the time that they are 
destroyed after transcription.
Signature of participant Date
M  2 8 2006
g v  N .! .u . S.R-S. 
V O iD  O N E  Y E A R
P R O M  a b o v e  d a t e
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Elementary Teacher Survey
1. Which grade-level are you currently teaching? If more than one, please explain.
2. How many years have you taught?
3. What undergraduate science content classes did you take in your teacher 
preparation?
4. How many undergraduate science methodology classes did you take in your 
teacher preparation?
5. What areas o f science were covered in your science methodology classes?
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Focus Group Questions
Opening 1. Tell us your name, the school you teach at and how long you 
have been teaching.
Introductory 2. What is the first thing that comes to mind when you think of 
teaching science in elementary school?
Transition 3. What strategies do you use or anticipate using to teach science?









Think back to your teacher preparation courses, what and how 
did your content or methodology classes help prepare you to 
teach science?
How much science content should elementary teachers have? 
Why?
How important are instructional strategies and understanding 
students in teaching elementary science? How did you learn those 
strategies?
How confident do you feel to teach science?
What factors contribute to how confident you feel to teach 
science? Explain how those factors contributed to your feelings 
of confidence.
Ending 10. If you had a chance to give advice to teacher preparation 
Questions programs, what advice would you give them about preparing 
teachers to teach science?
1 1 .1 wanted to look at how elementary teachers are prepared to teach 
science. Is there anything I missed or anything you wanted to 
add?
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Science Curriculum Philosophy
The goal o f science education is to create life-long learners and scientifically literate 
citizens. Students at all levels should be challenged and encouraged to pursue 
science and technology. The processes o f science should develop the natural 
curiosity in students by actively engaging them in investigation using the techniques 
and technologies to foster the students’ scientific attitudes.
Science has a basic core o f fundamental concepts, skills, and content which provides 
the framework for the students’ understanding of natural phenomena. The content of 
science should develop an understanding and appreciation of the students’ 
environment and promote the exploration and excitement of scientific research. 
Science is a human endeavor which develops critical thinking and decision making 
skills to benefit individuals and their community.
The kindergarten-5th grade science program is a hand-on, kit delivered curriculum 
that is specific to this district. The content of the K-5 science curriculum is 
developed to give students experiences each year in the areas of Earth and Space, 
Life and Physical Science.
Kindergarten 1 st grade
• Five Senses • Animals
• Our Environment • Butterflies and Tadpoles











4th grade 5 th grade
• Go With the Flow
• Matter Matters
• Small Things
• Biomes in Balance
• It’s enLIGHTening
• Our Changing Earth
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Types o f under­
graduate science











A Alice 1 3 Biology 1 Can’t rememberEarth Science
A Cori 1 1 Biology 1 ExperimentsChemistry Brain research
A Ellie 9 9 Biology i ExperimentsAm Geology 1 Brain research
A Sophia 9 1 Biology Physical sciencen j Earth Science material
B Jenni 3 3 Physics 1 Strategies teachBiology science
B Jessica 2 1 Biology 1 StandardsEarth Science Strategies








B Rose 1 1 Meteorology 1 Thematic units Multiple 
intelligences
C Katie 3 4 BiologyChemistry 1 Experiments
DeAnn Earth ScienceC 1 2 Biology 1 Experiments
C Melissa 3 3 Biology Earth Science 1 Experiments
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E Dan 35 3 Chemistry 0 NA
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G rade Level/C ourse: F irs t/S c ie n c e  
Unit: B u tte rflie s
D ate developed: 
Time frame;
J u n e  15, 2001 
T h ree  w e e k s
Standard /benchm ark /d istrict goal;
Science State Goals - 11A, 1; 12A, 1; 12B, 1; 13A, 1c,
Topics: Butterflies
K ey w ords: Larva, pupa, chrysalis, cocoon, egg, m etam orphosis,
caterpillar, butterfly,
U nderstandings:
Life is in a constant state of change.
Essential Q uestions
W hat is a living thing?
H ow  d o  living things change? 
H ow  do living things grow?
K now ledge an d  S k ills
(Technology' Integration)
Strident will:
1. N am e the stages of the  life cycle.
2, Sequence the stages of the life cycle,
3, O bserve the changes taking place.
4. Record observations in  a journal.
A ssessm ent Evidence (g.r.a^.p.s.)
1, Perform ance - Butterfly Life Cycle
Learning Activities (w.h.e.r.e.) "Butterflies"
The Butterfly 
Life Cycle 
A Butterfly Is Bom 
O bservational Journal 
Butterfly o r M oth?
Parts o f a Butterfly 
Every Insect 
Sym m etry in  M otion




Unit Design.................. ............. ................. „„„........       1
Table of Contents  ............           2
Classroom Curriculum Overview  ...............          3
Scientific Method  .......          4
Safety.....................       5-7
Introduction.............      8
Unit Overview....  ...............          9
Knowledge and Skills,,  ............         ..,,,,10
Videos, Software, and Internet Sites....................................... .......... 11
Butterflies,,.,,................               12
Background Information .............            13
What Is A Scientist  ..............         , ......  14
♦The Butterfly (Activity 1)...........         15
♦Life Cycle (Activity 2 ) ............     16-17
A Butterfly Is Born (Activity 3 ),....   18*20
♦Observation Journal (Activity' 4 ))........     21-29
♦Butterfly or Moth?(Activity 5 )..........  .........................  30-31
♦Parts of a Butterfly (Activity 6).„...............      32-33
♦Every Insect (Activity 7 ) ....     .34-37
Symmetry in Motion (Activity 8 ) ...............................  .....38-39
Assessment.. ......               40
Curriculum-Based Assessment Cover Page  ...........    41
Curriculum-Based Assessment (Performance Assessment)  .......   42
Curriculum-Based Assessment Rubric  .........         43
Extensions..............             44
The Butterfly.. .......................           45
A Time of Their Own  ........          46-53
Caterpillar  ............             54
Butterfly, Butterfly...................   ..55
What Am I  .......                ...56
Pretty Butterfly...  .......             57
Caterpillar Parts,..,..,,,..,,..,...,............. ....... ...—  ............ — ...........  .....58
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Scientific Method Laboratory Sheet
Name ............... .............................. ...................................
Date ..... —..........................................       ..
Title of M y Experim ent ______________________________________________
1. Question W hat do I w ant to  find out?
2. Hypothesis W hat do I think is the answer?
3. Procedure How w ill I find out? (Step-by*Step)
4, Results What actually happened?
5. Conclusion W hat d id  I learn? W hat is my final hypothesis?
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SAFETY FIRSTS
The safety lesson should be used as an introductory lesson for the first unit of the 
school year and reviewed at the beginning of each unit which follows. It is 
imperative that students learn the safety rules before beginning the unit
Concept: Importance of Safety
Estimated Time: One 30-40 minute class period
Objectives:
Students will be able to name the classroom safety rules and construct 
a poster that illustrates one of these rules.
Students will demonstrate the ability to work in groups by practicing 
"The Five C's of Group Work."
Organization: Students should work in groups of three or four
M a te ria ls :
Safety checklist
Poster board (teacher supplied)
Crayons or markers (student supplied)
Procedure:
1. Introduce the safety lesson by brainstorming with students about 
safety procedures and safety tips relating to their work.
2. Discuss safety do's and don’ts concerning lab procedures, Go 
through the safety checklist and discuss it in detail.
3. Repeat the above procedure with "Tire Five C's of Group Work."
4. Each group should construct a poster illustrating one item on the 
checklist. Students should begin to practice "The Five C's of Group 
Work."
5. Posters should be displayed in a prominent spot for student 
reference throughout the year.
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Safety First Checklist
1. W hen working on any activity, follow all safety instructions given 
by the teacher.
2. A lw ays clean up  your work area after an activity. Never leave 
dangerous objects around.
3. W hen working on an activity, control body m ovem ents and avoid 
unnecessary contact with sharp objects.
4. Use common sense at ALL times.
The Five C's of Group W ork 
C n tliQB-
Laboratorv group  w ork requires caution in every part. Safety 
instructions should be followed and the safety checklist should be 
reviewed before each activity.
CfifiperMe-
To insure successful group work, each m em ber m ust work w ith the 
other m embers of the group.
Contribute -
Each m em ber m ust m ake an effort to participate in a way that is 
beneficial to the group.
Control -
G roup w ork requires control over body m ovem ents, voices, and 
actions. To avoid chaos in the classroom, control m ust be practiced 
by each member of the group.
Each group member m ust do his or her part to clean up  after the 
activity. Students m ust make sure the w ork area is clean and all 
m aterials are pu t away.
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SAFETY RULES
X, Listen carefully to the teacher’s instructions.
2. Follow directions.
3. Ask the teacher for help  if you are unsure of w hat to do,
4. W ork cooperatively w ith your group.
5. Don't touch or pick u p  any materials unless the teacher tells 
you to do so.
6. Never p u t anything into your mouth.
7. Keep your w ork area neat.
8. Clean up  after you have finished and re tu rn  all m aterials to 
their proper place.
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Unit Overview
B u t te r f l i e s  is an  activ ity  based  hands-on unit. Each lesson is set up as an  activ ity . 
M any o f  the  lessons are then foil w ed up support from  various lite ra tu re  connections 
listed  a t the  bottom  o f  each a* t i \ i t \  page.
Bach lesson, o r group o f  related lessons, includes the following,
1. A  cover page w hich highlights the lessons and offers teacher tips.
2 .C op ies o f  the student pages
3.Extension Literature Connections.
Student’s Manual
E ach lesson includes the following:
A ctiv ity  pages
Extension Activities
Final Assessment
(Included in the T eacher’s M anual)
Final assessm ent rubric is in the T eacher’s M anual.
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Knowledge and Skills
Upon completion of the unit the students will know:
The stages of the life cycle.
The sequence of the stages in die life cycle.
How to observ e and record changes 
How to report observations in a journal.
Videos. Software and Internet Sites
Butterflies and Bees - V ideo by D iscover)' C hannel School 
O ne p e r building
http  ://w w w .b ra in  pop.com
Brain Pop's conten t is based on original, anim ated m ovies created to explain  the science 
concepts in an engaging, interactive journey  for kids. A t present, B rain PO P h as over 150 
original anim ated m ovies covering Health, Science and Technology topics,
A ppropriate title for this unit includes:
Insects
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B itcki> ro u it cl Inform ation
Two antennas help it smell. Four wings help it fly
Two large eyes 
to see many colors.







Metamorphosis is the change from egg to Jarva(caterpillnr),to pupa 
(chrysalis), to adultt butterfly).
A butterfly spins a chrysalis, sleeps at night, rests with its wings 
straight up, and has straight antennae with knobby ends.
A moth spins a cocoon, sleeps during the day, rests with its wings flat, 
and has feathery antennae without knobs.





A ctivity  1
Concept; A n overall introduction to the life cycle and body parts of a butterfly,
Estimated Time; One 30 minute period
Objective; Students will becom e fam iliar w ith the life cycle o f  a butterfly.
Vocabulary:
egg larva pupa  chrysalis




To access prior know ledge, begin the lesson by com pleting a  KW L. 
V iew  CD Rom. Class discussion to follow.






Concept: The metamorphosis of a butterfly.
Estim ated Time: One - 30 minute period







Butterflies? (Know It All Series) Darlene Freeman
Procedure:
Read the first ten pages of Butterflies! to the class. Children are to complete the butterfly 
mini-book from Bugs. Bugs. Bugs, page 13,
larva pupa chrysalis
metamorphosis adult butterfly
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A Butterfly's Life Cycle Name.
C olor th e  pictures. G lue the  page to oaktag.
C ut the  cards apart. Then pu t the cards in  o rder 
to  show  the life cycle of a butterfly.
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